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INTRODUCTION 


@ Dvurine THE Past 20 years there has been an increasing interest among 
highway engineers in continuously reinforced concrete pavement. This 
interest undoubtedly developed from a dissatisfaction with the apparent 
deficiencies and structural weaknesses of joints in pavements, and failure, 
until recently, to adequately improve the design of joints and thereby eliminate 
their recognized defects. , 

Over the past 40 years pavement design has passed through a variety of 
phases; plain concrete pavement without joints, plain concrete pavement 
with expansion joints, plain concrete pavement with both expansion and 
contraction joints, and plain concrete pavement with contraction joints 
only; and reinforced concrete pavement with similar variations in the use 
of joints. In addition, there have been wide differences in the spacing of 
joints, varying from 15 ft to as much as 1000 ft. 


Title No. 55-42 is a part of copyrighted Jounnat or tun Amenican Concnere Inerrrvre, V. 30, No, 6, Dee. 
1958, Proceedings V. 55. Separate prints are available at 50 cents each. (copies in triplicate) should 
reach the Institute not later than Mar. 1, 1959. Address P. O. Box 4754, Redford Station, Detroit 19, Mich 

Prepared as a part of the work of ACI Committee 325, Structural Design of Concrete Pavements for Highways 
and Airports, and presented at the 54th annual convention, Chicago, Ill., Feb. 26, 1958. The report was sub- 
mitted to letter ballot of the main committee which consists of 15 members; 11 members returned their ballots, 
of whom 10 voted affirmatively, and 1 negatively. 

* Deceased. 
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Subcommittee Vil of ACI Committee 325, Structural Design of Concrete 
Pavements for Highways and Airports, has the assignment to study the 
structural design of continuously reinforced concrete pavements. J. D. 
Lindsay, engineer of materials, Illinois Division of Highways, Spring- 
field, is chairman of the subcommittee. The committee included Henry 
Aaron, chief engineer, Wire Reinforcement Institute, Washington, D. C.; 
J. H. Moore, professor of civil engineering, Pennsylvania State College, 
State College, Pa.; G. S. Paxson, assistant state highway engineer, 
Oregon State Highway Department, Salem; William Van Breemen, 
supervising engineer, New Jersey State Highway Department, Trenton; 
and the late W. R. Woolley, who was associated with the Truscon 
Steel Division of the Republic Steel Corp., Youngstown, Ohio. 











Joints of various designs have been used with varying degrees of success 
but they have always had obvious shortcomings. No matter what steps 
were taken to improve them, joints continued to be points of potential struc- 
tural weakness. They also presented problems of maintenance and _per- 
mitted the infiltration of water and soil. Often they adversely affected the 
riding quality of pavement. 

It is not meant to imply, however, that the pavement designs used during 
the past 40 years have been wholly unsatisfactory or that no improvements 
have been made. As a matter of fact, many thousands of miles of pavement 
built during this period have given satisfactory service. 

The recent practice of cutting joints with an abrasive wheel after the 
concrete has hardened has eliminated some of the more serious defects attrib- 
utable to joints. But the fact that joints had introduced problems which 
were not readily solved caused engineers to think about building continuously 
reinforced pavements, thereby eliminating closely spaced joints. 

This interest has become increasingly active during the past 20 years, 
but the idea of continuous reinforcement was conceived much earlier. The 
first recorded attempts at continuous reinforcement were slabs 200 and 350 
ft long, either 18 or 20 ft wide, constructed in 1921 by the Bureau of Public 
Roads on the Columbia Pike. In the early 1920’s the Illinois Division of 
Highways constructed a long continuously reinforced pavement slab over a 
peat bog. There may have been other isolated attempts throughout the 
country but the next example of record was the experimental pavement 
constructed in 1938 by the Indiana State Highway Commission in cooperation 
with the U. S. Bureau of Public Roads, in which one test section 1310 ft 
long was reinforced continuously with steel bars from end to end. 

Perhaps it would be well to define the term “‘continuously reinforced pave- 
ment.” In conventionally reinforced pavements it is general practice to 
install transverse joints at intervals ranging from 40 to 100 ft with the rein- 
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forcement interrupted at the joints. Slabs of these lengths are restrained 
little, if any, by the subgrade and respond freely to temperature changes 
which tend to increase or decrease the slab length. 


It has been found, however, froia observations of longer slabs with larger 
amounts of reinforcing steel installed continuously from end to end, that 
length changes due to seasonal temperature cycles are reflected only within 
a limited distance from the ends of the slab and that the central portion 
remains fully restrained. Experience indicates that the length of the active 
portion at the end is some 400 to 500 ft. It seems logical, therefore, to define 
a continuously reinforced pavement as one of such length and with adequate 
reinforcement continuously placed, that a considerable central portion is 
fully restrained against longitudinal movements due to seasonal temperature 
changes. If one arbitrarily states that the length of the restrained central 
portion shall be equal to at least that of the end portions which respond to 
seasonal temperature changes, then one could say that a continuously rein- 
forced pavement is one in which the length of individual slabs is not less 
than 1200 to 1500 ft. This length is of course a minimum limiting value 
and, theoretically at least, there would be no maximum limitation on length. 
Based on this definition, the pavements in some of the early experiments 
referred to above would hardly be classified as continuously reinforced. 
However, the behavior of these early pavements indicated the possibilities 
of long continuously reinforced slabs and later encouraged engineers to 
explore this type of construction further. 


No further activity oceurred in this field until 1947, when stimulated by 
good reports from the Indiana project and by an excellent paper on the subject 
by Woolley,* then of the Chicago division office of the Bureau of Public 
Roads, New Jersey constructed a 2 mile experimental project and Illinois 
built an experimental continuously reinforced pavement 5% miles long. 
These were followed by a 1-mile section built by California in 1949. In 
1951 three contract sections of the Fort Worth, Texas, Freeway were con- 
structed with continuous reinforcement and additional sections were built 
in 1955 and 1957. During 1956 and 1957 the Pennsylvania Department 
of Highways constructed two experimental pavements of this type. These 
projects will be discussed later in this report. The highway departments of 
Maryland, Virginia, Connecticut, and Michigan are known to be seriously 
considering the construction of experimental projects to study this type of 
pavement. 


Because of the increasing interest in this subject and the apparent successful 
performance of pavements now under observation, ACI Committee 325, 
Structural Design of Concrete Pavements for Highways and Airports, last 
year organized Subcommittee VII, Continuously Reinforced Pavements. 
This is the first report of the subcommittee. It is the purpose of this report 


*Woolley, W. R., “Continuously Reinforeed Concrete Pavements A Joints.” al first appeared in 
1946, was later published in Proceedings, Highway Research Board, V. 27, 1947, pp. 28-33 
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to give: (1) a brief description of the continuously reinforced pavements 
now under observation and a discussion of their performance; (2) a state- 
ment of the present status of our knowledge on the subject of continuous 
reinforcement; (3) recommendations for future research; and (4) a statement 
of future plans of the subcommittee. 


PAVEMENTS NOW IN SERVICE 


Continuously reinforced pavements are now in service in Indiana, Illinois, 
New Jersey, California, Texas, and Pennsylvania. Except for the projects 
in Texas, which were constructed on the Fort Worth Expressway, all these 
pavements were experimental and for the purpose of obtaining information 
about continuous reinforcement. Most of them incorporated special research 
features for measuring stresses, crack widths, horizontal and vertical move- 
ments of the pavement, and other variables which are related to pavement 
behavior, and they have been subject to periodic surveys. The more im- 
portant design features of the several pavements and the average crack 
interval for each are summarized in Table 1. 


The Indiana project covered a wide range of reinforcing practices, and 
only one section would qualify under the definition of continuous reinforced 
pavement given above. This section is 1310 ft long and contains 1.82 per- 
cent of longitudinal steel. The cross section is 9-7-9, and it was constructed 
directly on a pumping type subgrade. After 15 years service it was reported 


to be generally in very good condition. 


It will be noted that the Illinois project contains more variables than 
any of the others, being 7 and 8 in. thick with 0.3, 0.5, 0.7, and 1.0 percent 
of longitudinal steel being used with each thickness. Furthermore the pave- 
ment was constructed on the natural subgrade, 90 percent of which is com- 
posed of potentially pumping type soils. The test sections vary from 3500 
to 4200 ft. After 10 years the pavement is in good condition except for a 
few localized structural failures at the expansion joints and at a few of the 
construction joints in the 0.3 and 0.5 percent sections. These failures are of 
little significance in the evaluation of the performance of this pavement since 
expansion joints would not be included in a normal pavement of this type 
and the weakness of construction joints can be eliminated by a change in 
design. 


The New Jersey pavement consists of two sections, each approximately 
1 mile long, one 10 in. thick and the other 8 in. thick. The pavement is on a 
granular subbase. A unique feature of this pavement is that it contains 
two layers of welded wire fabric, one 2 in. below the top surface and the 
other 3 in. above the bottom. The longitudinal reinforcement amounted 
to 0.72 percent in the 10-in. section and 0.90 percent in the 8-in. section. 
Except for three localized failures, involving a total of about 65 sq yd, and 
rupturing of the concrete at one of the terminal joints, the condition of this 
pavement after 10 years of service is good. 
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TABLE 1—FEATURES OF SEVERAL CONTINUOUSLY REINFORCED PAVEMENTS 


Year Pavement Percent Crack 
Location constructed thickness steel interval 
Indiana 


Illinois "1947-1948 7° and 8” 


1938 9-7-9 1.82 2.3 (1957) 


0. 3.0 (1957) 
0. -6 (1957) 
0. 3.0 (1957) 
1.0 -9 (1957) 


New Jersey 10° .72 
8” .90 


5.1 (1950) 
3.7 (1950) 


California 8” 62 3.2 (1957) 


8” 0.50 5.2 (1953) 
Texas 8’ 0.7 .0 (1955) 
8’ 0.7 
No informa tion available 


Pennsylvania 9” 0.48 .9 (1957) 
7”, 8” and 9” 0.50 .3 (1957) 


The California pavement is 8 in. thick and 1 mile long. The amount of 
longitudinal steel in one half is 0.63 percent and in the other half 0.50 percent. 
The pavement after 8 years of service is reported to be in excellent condition 
and somewhat superior to the adjacent standard pavement. 


The Texas projects consist of 8-in. pavement reinforced longitudinally 
with 0.7 percent steel and constructed on a granular subbase. The two 
sections constructed in 1951 are reported to be in excellent condition. No 
information is available concerning the condition of the pavement constructed 


in 1955, nor about the 1957 construction. 


One of the Pennsylvania projects is about 2 miles long and consists of 
9-in. pavement with 0.48 percent longitudinal steel in the form of bar mats. 
The other is slightly less than 2 miles long, includes 7, 8, and 9-in. pavement 
all reinforced longitudinally with 0.5 percent of steel. Both bar mats and 
wire fabric reinforcement were used in the project. Both pavements were 
constructed on granular subbase. These pavements have developed the 
closely spaced cracks which are characteristic of this type of pavement, but 
neither is old enough to warrant conclusions as to behavior. 


PRESENT STATUS OF KNOWLEDGE 
Causes of cracking 


Experience has shown that a long section of pavement continuously rein- 
forced from end to end with an adequate amount of steel develops many 
closely spaced transverse cracks, the frequency of the cracks being propor- 
tional to the amount of longitudinal steel. The reasons for the occurrence 
of these cracks are not clearly understood. One cause undoubtedly is the 
tensile stress set up as the concrete begins to shrink, due to decrease in 
temperature and moisture, after the concrete has hardened. When a crack 
develops the stress is transferred to the steel causing a slight stretching of 
the steel and a small amount of opening of the crack, which provides partial 
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stress relief. But gradually there is a further build-up of stress, and another 
crack occurs. 


Perhaps one of the principal causes is the restraint to longitudinal warping 
provided by the reinforcing steel, which tends to restrain the pavement 
from warping due to normal temperature gradients, thus producing flexural 
stress. These stresses combined with load stresses quite conceivably could 
exceed the flexural strength of the concrete, particularly at early ages. 


This could well explain the crack interval decreasing as the percentage of 
steel increases. It is well known that the formation of a transverse crack 
provides hinge action which reduces the warping stresses in its immediate 
vicinity. The larger the percentage of steel, the less effective the hinge, 
and cracks would thus tend to be produced at intervals inversely proportional 
to the amount of steel present. 


These are thought to be the principal reasons, although there probably 
are others of a secondary nature. The result of the combined effect of these 
factors is the early occurrence of numerous transverse cracks in a long central 
portion of the pavement. At some distance from the ends of the pavement, 
the restraint begins to diminish gradually, and the interval between successive 
cracks becomes progressively longer outwardly to the ends. 


Crack spacing and location 


Fig. 1 shows the typical crack pattern for a continuously reinforced pave- 
ment. There are relatively few cracks near the ends, as shown at the top 
and bottom of the figure. But in the long central portion as shown for the 
two quarter points and midpoint there are many closely spaced cracks. 
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Fig. 1—Typical crack pattern for a continuously reinforced, 8-in. pavement with 
0.5 percent steel 
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Infinitesimal width changes in the numerous cracks and elastic deforma- 
tion and plastic flow of the concrete absorb the efforts of the pavement 
to change in length due to the daily and seasonal temperature cycles, and a 
long central portion remains under restraint. If this were not true, excessive 
movements would occur at the ends of a long pavement which no expansion 
joint could accommodate. Because of the restraint which is developed, 
however, daily movements at the ends of such a pavement are quite small, 
and seasonal movements are of the order of 1 in. 


A large number of cracks develop at an early age, and thereafter the further 
development of cracks is a function of age, the rate of development decreas- 
ing rapidly with time. The average crack interval depends primarily on the 
amount of steel. Evidence from existing pavements indicates that very 
little cracking occurs after 5 or 6 years of service. 


Judging from the behavior of the Illinois pavement, it appears that for 
0.3 percent steel equilibrium is reached when the average crack interval is 
12 to 13 ft; 8 to 9 ft for 0.5 percent steel; 6 to 7 ft for 0.7 percent and 5 to 6 
ft for 1.0 percent. 


Crack width 


In addition to governing the crack interval, the reinforcing steel performs 
another very important function; namely, it controls the amount of crack 
opening. It is essential to the successful performance of a continuously 


reinforced pavement that the steel prevent any appreciable opening of the 
cracks, otherwise there will be infiltration of soil and water and a loss of 
effective aggregate interlock. Infiltration of incompressible material into 
cracks in some of the experimental pavements may have been responsible 
for a permanent increase in their length, thus making the control of expansion 
at the ends a problem. It seems also that the good performance of the pave- 
ments built directly on pumpable soils can be attributed to the fact that the 
cracks were too narrow to permit the passage of water and soil. 


It is seen then that crack interval and crack width are interrelated, and that 
both depend on the amount of steel. Since steel is an expensive item in 
pavements, the problem is to determine the optimum amount which will 
result in a proper balance between crack interval and crack width. In other 
words, it is important to determine the minimum percentage of steel that 
will produce the desirable characteristics which have been discussed above, 
namely, many closely spaced, narrow transverse cracks through which no 
appreciable infiltration will occur, and at which aggregate interlock will be 
so fully maintained that the structural integrity of the pavement will be 
preserved. Obviously this is a most complex problem. Although several 
authorities have proposed theoretical approaches, the empirical data from 
pavements now in service appear at present to be the most reliable. Appli- 
cation of these data to theoretical analyses should prove useful in the 
development of rational design methods. 





676 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1958 


As previously pointed out, it is essential that there be enough steel to 
prevent any excessive opening of the cracks. However, the accurate measure- 
ment of the width of narrow cracks is difficult. The usual practice has been 
to take measurements at the surface, but these measurements are likely to 
be influenced by raveling and warping, which result in values much greater 
than the true width. Cores drilled through representative cracks in the 
New Jersey and Illinois pavements verify this and show that, even though 
the cracks were quite wide at the surface, they tapered sharply to a fine 
crack a short distance below the surface. 

A comparison of measurements taken at the surface and along the vertical 
edge on the Indiana project indicated that the true width was much less than 
the surface width. Data from the Illinois project indicate that the true 
widths were probably about half of the surface widths. On this basis the 
true widths in the Illinois project after 10 years are estimated as follows: 
0.016 in. for 0.3 percent steel, 0.011 in. for 0.5 percent, 0.007 in. for 0.7 per- 
cent, and 0.005 in. for 1.0 percent steel. 


Generally speaking, 0.5 percent steel appears to have given satisfactory 
performance from the standpoint of crack width and crack spacing. Although 
in the Illinois project, there was some indication of early incipient pumping 
at a relatively few cracks in the section of 7-in. pavement with 0.5 percent 
steel, this condition did not develop further. Cores taken recently through 
representative cracks showed a thin film of soil in the crack, and it is thought 


that the soil sealed the cracks and arrested the tendency to pump. There 
are, however, some cracks in the 0.5 percent sections that are excessively 
wide. 


Only two of the experimental pavements were constructed without a 
granular subbase, these being the Indiana and the Illinois projects. Although 
pumping has not been a serious problem on the 1310-ft section of the Indiana 
project or any of the Illinois sections, except at expansion joints and con- 
struction joints, nevertheless some pumping did occur. It therefore appears 
desirable to use a limited thickness of subbase as a preventive measure. 


Increase in length 


In one respect there was a marked difference in the behavior of the New 
Jersey pavement and the Illinois pavement. In particular, the New Jersey 
pavement showed no permanent increase in length during 10 years. Con- 
versely, all the sections in the Illinois project after 10 years were about 4 in. 
longer than they were originally. The Illinois sections were separated from 
each other and from the adjacent pavement by 4-in. open expansion joints, 
but the New Jersey pavement was not afforded this amount of expansion 
space. Furthermore, the Illinois pavement was constructed on a subgrade 
of fine grained soils, whereas the New Jersey pavement was constructed on a 
granular subbase. It is believed that infiltration of fine soil into the trans- 
verse cracks was responsible for the permanent increase in length observed 
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on the Illinois sections. There is a question whether this increase would 
have occurred if less expansion space had been provided. 


Additional research needed 

Experience obtained from the various pavements now in service indicates 
that it is possible to construct continuously reinforced pavements that will 
be exceptionally smooth riding, require little maintenance and have a long 
service life. However, there is not sufficient evidence to conclude that the 
performance of such a pavement would be outstandingly superior to that of 
pavements of conventional design. Furthermore, additional information is 
required to determine whether continuously reinforced pavements are 
economically feasible. 


RECOMMENDATIONS FOR FURTHER RESEARCH 


Perhaps the most important need for research lies in the field of theoretical 
design. Several authorities have proposed design theories based on analytical 
concepts, and it appears desirable that these be verified with test data from 
actual pavements constructed in accordance with these theories. This 
probably should include research on bond behavior at cracks, such as pro- 
gressive bond failure with time and under repetition of tensile stress and of 
traffic loads, as well as studies of other aspects of the mechanics involved 
in the interrelation between the concrete and the steel. 


The relationship of pavement thickness to performance needs more study. 
Pavements 7 in. thick with adequate steel have given excellent service. 
Perhaps it would be profitable to construct limited lengths of pavements of 
lesser thickness, say, 5 and 6 in. 


It is presently assumed that the amount of longitudinal steel should be 
some definite percentage of the cross sectional area of concrete. By this 
method of design a pavement 5 in. thick would have only half as much steel 
as one 10 in. thick. However, because heavy axle loads cause appreciable 
stress in steel reinforcement across cracks, it may be that a higher percent- 
age of steel is needed in thin pavements than in thick pavements. The con- 
struction and observation of several experimental sections 5 or 6 in. thick 
with varying percentages of longitudinal steel would add greatly to our 
understanding of the effect of pavement thickness and percentage of steel. 


The distance between transverse cracks normally varies widely. Some 
engineers feel that the occurrence of a series of very closely spaced cracks 
is detrimental. Perhaps if the location of cracks could be controlled, a better 
pavement would result. Research designed to find out how to control the 
location of transverse cracks by economical means might be worth while. 
It is conceivable that preforming cracks or causing cracks to develop at early 
ages would permit a lower percentage of longitudinal steel to be used. 
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FUTURE PLANS OF THE SUBCOMMITTEE 


The Committee on Rigid Pavement Design of the Highway Research Board 
is presently engaged in a study of continuously reinforced pavements. This 
work is being performed by the Subcommittee on Continuously Reinforced 
Concrete Pavements, several members of which are also members of Sub- 
committee VII of ACI Committee 325. If these two subcommittees function 
independently, it seems likely that there will be a certain duplication of 
effort. It, therefore, would be highly desirable to have close cooperation 
between the two groups. Perhaps their activities can be planned so as to 
eliminate duplication, and greater progress may result. It is suggested that 
the possibility of coordinating the activities of the two groups be explored. 

It is understood that the Highway Research Board subcommittee has already 
formulated plans to make a thorough study of experimental pavements now 
in service and to stimulate interest in further research projects. 
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Title No. 55-43 


Specimens were subjected to 
combinations of axial, eccentric, 
and flexural loads to produce 
different patterns of stress dis- 
tribution. The effect of stress 
distribution across the section 
has a significant effect on the 
ultimate tensile strength of con- 
crete mortar specimens. 


Stress Distribution Affects 
ULTIMATE TENSILE STRENGTH 


By James 8. Blackman, Gerald M. Smith, and Lyle E. Young 


Various investigators'? have noted a significant difference between the 
axial tensile strength and the modulus of rupture of concrete. This difference 
may be attributable to the dissimilarity in the stress or strain distribution 
between axial tensile loading and flexure [Fig. 1(a) and 1(d)]. It was the 
purpose of this investigation to study the effect of strain distribution on the 
ultimate strain of concrete mortar specimens. Different stress and strain 
distributions were obtained on two types of specimen by applying combi- 
nations of axial, eccentric, and flexural loads. 


SPECIMENS 


Specimens used were of two types: (1) Bulb end specimens combining the 
bulb ends of the standard tension briquet with a 1 x 1 x 6-in. prismatic mid- 
section. (2) The second type was 1 x 1 x 11-in. prisms. All specimens were 
prepared from the same mix proportions: 


1:2.25 by weight of 50 percent tension and 50 percent compression Ottawa sand. 
W/C = 0.488 by weight or 5.5 gal. per sack. 
Received by the Institute wy 25, 1957. Title No. 55-43 is a part of copyrighted JournaL or THE AMERICAN 
Concrete Instrrvute, V. 30, No. 6, Dec. 1958 (Proceedings V. 55). Separate 7 are available at 50 cents each. 
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Extreme care was used in placing concrete mortar in the molds to obtain 
smooth true surfaces and square edges. Any specimens with visible imper- 
fections were discarded. Concrete was placed in machined metal molds in 
two layers, each of which was vibrated 60 sec with a small electric vibrator. 
To preserve exact dimensions, specimens were struck off and troweled after 
subsidence had taken place. Specimens were moist cured 28 days and air 
dried for approximately 60 days before testing. During curing and drying 
periods, specimens were stored in a vertical position to minimize warping. 


TESTING METHODS 


Fig. 1 shows the different stress or strain distributions obtained by various 


loading systems. For Loading (a), (b), and (c), bulb end specimens were 
used with tension applied through standard Riehle tension briquet grips. 
The eccentricity was obtained by off-setting the line of action of the load 
through the grips. For Loading (d), (e), and (f), 1 x 1 x 11-in. prisms 
were used. On all specimens l-in. SR-4 strain gages were applied to op- 
posite surfaces, i.e. those perpendicular to the plane of bending. Strains 
were recorded on a brush oscillograph. In all cases the gages were so placed 
that the strains measured were in the region of constant moment. 


_f SR-4 


-SR-4 
a. UNIFORM TENSILE STRAIN b. NON UNIFORM TENSILE STRAIN 
DISTRIBUTION PRODUCED DISTRIBUTION PRODUCED 
BY AXIAL LOADING. BY ECCENTRIC LOADING. 


e @= SLOPE OF STRAIN P 
DISTRIBUTION 
. P | 6, 
a® 


eee me 6 


c. TENSILE STRAIN LARGER THAN d. EQUAL TENSILE AND 
COMPRESSIVE STRAIN PRODUCED COMPRESSIVE STRAINS 
BY AXIAL — AND FLEXURE. PRODUCED BY FLEXURE 
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Fig. 1—Strain distribution obtained by various loading systems 





ULTIMATE TENSILE STRENGTH 
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To determine the possible effects of plastic flow, a bulb end specimen 
was placed under axial tension at 85 percent of ultimate load and strains 
were recorded for a 24-hr period. The creep in 24 hr was 8 yu in., which is 
not of great significance considering that the principal tests were conducted 
in an average time interval of 15 min. 


To establish the linearity of the stress-strain relation, three specimens 
were tested in flexure. Load, and tensile and compressive strains observed are 
shown in Fig. 2(a) and 2(b). Any nonlinearity in the stress-strain relationship 
would be apparent from these curves. Two bulb end specimens were tested 
in direct tension and the stress-strain relation is shown in Fig. 3. These 


curves are all essentially linear. 


FLEXURE TEST OF (kiki! BARS FLEXURE TEST OF I*ixii BARS 
TENSILE STRAIN COMPRESSIVE STRAIN 
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Fig. 2—Tensile and compressive strain in extreme fibers 
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RESULTS 


Fig. 2(a) and 3 indicate that the stress-strain relation in tension is essen- 
tially linear to failure. The modulus of elasticity in flexure was 5.5 x 10° 
psi, which is in good agreement with 
the modulus of elasticity in direct 
tension, 5.49 X 10° psi. From these 
600 considerations it would seem that the 
effects related to strain are equally 
applicable to stress. 

Fig. 4 shows the effect of strain dis- 
tribution on the ultimate tensile 
strain. The strain distribution is rep- 
resented by 8, which is the difference 
in strains between extreme fibers di- 
vided by the distance between these 
fibers. Eighty-three percent of the 
points plotted fall within the generally 
accepted = 15 percent of the average 
40 6 80 00 20 0 curve. There is a definite trend show- 
pen dd ing an increase in ultimate tensile 
strain with an increase in $8. The 
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Fig. 3—Stress-strain relation for direct . . : 
tension average ultimate tensile strains vary 


from 140 uw in. per in. to about 250 yu 
in. per in., an increase of about 80 percent. It appears that this trend levels 
off after the condition of pure flexure has been reached. 


DISCUSSION 


The authors can offer only a limited explanation of this observed pheno- 
menon. Consider first the nature of the material. Illustrative of the non- 
homogeneous nature of concrete, there are localized regions of weakness 
resulting from: 

The microscopic voids in the paste 
The macroscopic voids in the mortar 


Imperfect bond of paste and aggregate 
Imperfections in the aggregate 


1 
2. 
3. 
4 


The mechanism of failure of concrete under stress is not well understood. 
The results of this study, however, appear to indicate that concrete will resist 
failure more effectively, and therefore show greater relative strain, under 
a loading condition where a relatively small area of the section is stressed to 
a point at or near its ultimate strength. This hypothesis emerges from a 
consideration of the points plotted in Fig. 4. Lower strengths were obtained 
in direct tension, that is when the entire cross section is stressed in tension 





ULTIMATE TENSILE STRENGTH 





Fig. 4—Effect of strain distri- 
bution on the ultimate tensile 
strain 
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to near failure, than when progressively smaller areas of the cross section 
were stressed in tension to near failure by the device of combining bending 
with axial loads. The authors are at a loss to explain the mechanism as- 
sociated with this behavior. However, there seems to be little doubt that 
the strength of concrete is related in some way to the rate of change of stress 
across the section. One could speculate that failure might be associated with 
the size and number of localized regions of weakness, i.e., the probability 
that localized regions of weakness occurring within the critical area are in 
proportion to the area stressed to near failure.* 


The variation of ultimate tensile stress or strain with the strain distri- 
bution as observed in these tests agrees with the difference between direct 
tensile strength and modulus of rupture reported by other investigators.'? 
The pattern established herein also seems to agree with the effect of size 
of specimens‘ on the ultimate stress or strain. The magnitude of 8 (see Fig. 4) 
can be varied by changing the loading system as was done in these tests, 
or by varying the depth of the specimens. Flexure specimens with large 
depths would have a relatively lower value of 8 and would therefore be 
expected to have a lower ultimate stress or strain. This is consistent with 
the observed results of Kellerman.‘ 
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Proportioning, testing, and 

field control are described 

in one any ot ps wir 1. P 

onstrated that high strengt 

lightweight concrete may be Lightweight 
produced using cement fac- 

tors similar to those required 

for ere ee pooen 

through the use of drier con- i t D k 
sistencies with lowered total OoOrcre e ec 
water content. Presatura- 

tion of aggregates and sta- 

bilization of free moisture 

content was the key to suc- for 

cessful control. The contri- 

bution of natural sand am T . 

tent to compressive strengt 

and ae is men- appan Zee Bridge 
tioned. 


Main Spans 


By W. G. MULLEN 


ener LIGHTWEIGHT CONCRETE was used in the roadway slab on the 


main spans of the Tappan Zee Bridge, the 3-mile, six-lane, Hudson River 
crossing of the New York State Thruway. The main cantilever bridge con- 
sists of a 1200-ft center span and two side spans of 600 ft each. It is on these 
spans that structural lightweight concrete was used for the 634-in. roadway 
slab and for maintenance sidewalks and curbs. An inch thick asphalt plank 
wearing course covers the road slab. 

Concrete mix calculations were predicated on an ultimate strength at 28 
days of 4000 psi at a unit weight not to exceed 110 lb per cu ft. It was de- 
cided that this could be accomplished using a structural quality expanded 
shale aggregate, some natural sand, entrained air, and a 6 to 7 bag per cu yd 
cement factor. It was felt that problems of segregation and fluctuation of 
yield could be avoided by proper treatment of free and absorbed water and 
use of alow slump. To this end, a test program was initiated. 


Test program 
The test program was conducted in three parts in the laboratory followed 
by a field test. Final adjustments were made in the field. 


In the first part, mixtures were tested containing 5, 6, 7, and 8 bags of 
cement per cu yd, 15 percent natural sand by absolute volume of total aggre- 
gate, 6 percent air content, 3-in. slump, and an admixture to retard set and 
centres hy the Eaptis T, 7 1008, Fite Me, Sey a Pact erghied lorena oo ap Auras 


Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1959. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 
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___ TABLE 1—CHARACTERISTICS OF MATERIALS | 





2-in. cube 
Bulk Dry compressive 
Item dry Absorp- Fineness unit loose strength, 
specific tion, modulus weight, weight, percent 
gravity | Ib per cu ft lb per cu ft Ottawa at 28 


| Dry 


Sand 1* 

Sand 2* 

Fine expanded shale 

Coarse expanded shale 

Cement, NYSDPW Type 2 

Air-entraining agent— Vinsol 
resin 

Retarder— Liquid 


*Sands 1 and 2 were used in separate plants on opposite sides of river. 


reduce water requirements. Unit weight of fresh concrete was in the range of 
105 lb per cu ft and strength results were promising for the 7-bag mix. The 
lightweight aggregate used in this test was from a source other than that sub- 
mitted by the contractor for approval as his source of supply and had a bulk 
specific gravity higher than that which was used in actual construction. Tests 
in the second and third parts were made with the aggregate to be used in the 
work, a material produced from shale by a conveyor belt sintering process. 


Included in the second part tests were mixtures of 6 and 7 bags per cu yd 
made with fine and coarse expanded shale, natural sands from two sources, 
New York State Department of Public Works Type 2 cement (similar to 
ASTM Type II), a water-reducing retarder, an air-entraining agent, and water. 
It was attempted to control air and slump at 6 percent and 3 in., respectively. 
Characteristics of materials are shown in Table 1. Tests were conducted in 
accordance with ASTM procedures where applicable, and air content was 
determined gravimetrically. From the results (Table 2 and Fig. 1) it may be 
seen that 4000-psi, 105-lb per cu ft 
concrete was obtained with a w/c of 








The work described was under the 
immediate supervision of W. G. 
MULLEN (ACI member), concrete 
technologist and resident engineer 
for Madigan-Hyland, Consulting En- 
gineers, New York, consultants to the 
New York State Thruway Authority 
for the Tappan Zee Bridge. With 
the firm since 1951, Mr. Mullen, a 
former National Ready Mixed Con- 
crete Association research fellow at 
the University of Maryland, has been 
concrete technologist on a number 
of New York State Thruway proj- 
ects, including prestressed bridges 
for the Garden State Parkway con- 
nection, and is presently engaged on 
the Berkshire Thruway. 








0.56 by weight and 5 percent air 
content. 

Testing in the third part was con- 
fined to a 6.5-bag mixture in which the 
natural sand content was increased to 
20 percent of the absolute volume of 
the total aggregate in an attempt to 
increase strength by reducing water 
requirements while allowing the unit 
weight to approach 110 lb per cu ft. 
Results (Table 2 and Fig. 1) were 
promising, but did not justify use of a 
lower cement factor without further 
testing which was impossible due to 
time limitations on construction. 





LIGHTWEIGHT CONCRETE DECK 





Fig. 1—Effect of water-ce- e000 

ment ratio and natural sand 

content oncompressive 

strength of expanded shale 
concrete 
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0.54 0.58 
WATER-CEMENT RATIO BY WEIGHT 


It was planned that all lightweight concrete paving would be placed in 
about 30 calendar days, a factor which would prevent evaluation of field re- 
sults in time to make adjustments in the mix (actual placing period was 37 
calendar days). Further, concreting was to be accomplished during the late 
fall with the anticipation of placing the bridge in service almost immediately 
after completion. A 7-bag cement factor was selected as the lowest safely 
usable in view of the nature of the test,program and anticipated construction 
conditions. ( 


Several days prior to start of placing operations, a 5-cu yd trial batch was 
made in one of the truck mixers to be used in the work. From this test batch, 
it was found, and later verified in actual construction, that a slump range of 
2 to 2% in. provided the most desirable consistency and that total water was 
reduced to 40.6 gal. per cu yd. This necessitated adjustment of mix quantities 


TABLE 2—TEST MIXTURE CHARACTERISTICS AND STRENGTH RESULTS 
Natural sand Compressive 
Cement Water- percent of stress, psi 
factor, cement absolute | Unit 
bags per |_ ratio volume total | Slump, Air, weight, - -- — 
cuyd j|by weight) aggregate | in. percent | lb per cu ft 
| | 7 days 28 days 90 days 


0.610 
0.565 


tt et 
oo 


3859 
3196 
4126 
3508 


Field | 7.00 | 0.515 | 2 | 2.43 | 61 | 100.9 | 25 4184 


Ome Shoe 
) 





| 1 | 209: 3147 
| 
| 





Laboratory determinations are average of three rounds made on separate days with three specimens per 
round per variable. : 

Field results are average of 26 sets 6 x 12-in. cylinders with six cylinders per set tested two each at 7, 28, 
and, 90 days. Average 28-day result for 51 pairs of 6 x 12-in. cylinder was 4164 psi. 
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to maintain yield and unit weight, which was accomplished by increasing the 
amount of all aggregates and by adjustment of the air content to 6 percent for 
a unit weight of 110 lb per cu ft. Final mix proportions are included in Table 3. 


FIELD CONTROL 


The lightweight concrete was the final 4400 cu yd of about 200,000 cu yd 
of structural concrete included in the bridge and its approaches. 

Concrete inspectors were hited locally and trained in a school conducted 
periodically at the work site. The first group of inspectors received 2 weeks 
of intensive instruction in the fundamentals of concrete proportioning and 
control, while later groups were given 1 week of classroom instruction and a 
second week of field instruction with working inspectors. There were review 
sessions and briefing courses to cover new phases of the work. This method 
proved quite successful and, at the peak of construction, the inspection force 
included 19 working concrete inspectors. 
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Fig. 2—Mixing water adjustment chart for 1-cu yd batch 
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Included in the course of instruction was a philosophy of inspection which 
stressed problems of personality, the need for dissemination of information, 
and understanding and cooperation between inspectors and contractor’s 
personnel. Plant and field inspectors were instructed and supervised to con- 
duct and coordinate inspection and control to allow fast, efficient concreting 
operations. Emphasis was placed on quantity production of high quality 
concrete. Instruction was pointed to the training of a competent, reasoning 
inspector equipped with sufficient. knowledge of theory and practice to obtain 
quality results. It was stressed that an inspector’s role is never punitive and 
seldom arbitrary. Intelligent coordination between plant and field inspectors 
and cooperation with contractor’s personnel results in fast, efficient, well 
controlled concreting operations of benefit to contractor and owner as well. 
With this type inspection there will be an uninterrupted flow of concrete to 
the forms, provided there is sufficient equipment in use and forms are ready. 


All lightweight concrete was truck mixed in 5-cu yd batches for 12 min per 
batch. Two batch plants were used as concrete was placed from both sides 
of the river to the center of the main span. One plant was an established 
commercial plant and the other was erected specifically for the job. There 
were two inspectors in each batch plant for stockpiling, batching inspection, 
and moisture control. Water control was positive and aggregate weights 
were adjusted as moisture changes occurred. Natural sand moisture was 
determined using the carbide type moisture meter, and moisture on both fine 
and coarse lightweight aggregate was determined by drying the aggregate 
and deducting the absorbed moisture. Moisture determinations were made 
before the start of work each day and then continuously through the day. 
As soon as one sample was completed, another was started and both sizes of 
lightweight aggregate were tested simultaneously. 

With this running knowledge of moisture content, inspectors were able to 
establish and adjust batch weights and added mixing water rapidly by se- 
lecting appropriate values from a batch weight adjustment chart (Table 3 
and Fig. 2). Every practical batch size for the mixing units and weighing 
equipment used was pre-computed in Table 3, eliminating any need by the 
inspectors to multiply l-cu yd weights or to divide batches into parts for 
weighing. Added water chart (Fig. 2) was made up for a l-cu yd batch and 
the standard 5-cu yd batch. Water to be added at any given time is selected 
by entering chart with free moisture of natural sand on ordinate and fine 
expanded shale on abcissa and picking off a gallon value from the solid diagonal 
lines. A deduction is found for free moisture on coarse expanded shale by 
entering abcissa with free moisture value, vertically intersecting dashed diag- 
onal line, moving horizontally to right ordinate scale, and reading gallons to 
be deducted. For odd size batches, it was necessary to multiply a value 
selected from the l-cu yd chart by the number of cubic yards in the batch. 

Due to the high surface porosity of the expanded shale, it was impossible 
to get consistently accurate free moisture results using the carbide type mois- 
ture meter, and the hot plate method was used. Using hot plate and frying 
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TABLE 3—BATCH WEIGHT ADJUSTMENT CHART 





Scale weights, lb per batch 


Percent | cuyd (|10cuyd| 2.0cuyd | 2.5cuyd | 3.0cuyd | 4.0 cu yd | 5.0 cu yd 





1378 1653 | 
1390 1668 
1403 | 1683 
1418 1701 
1430 1716 
1445 1734 
1456 | 1749 


1918 | 2301 
1963 | 
2010 

2055 

2100 

2145 

2190 


Fine aggregate 


oooocooo 
Cre 9 OO NO 


Fine expanded shale 


KNwONGwNOo BNAUS wo 


Onouowo 
ites 
wO@Ba eto 


| 1670 
1368 1710 
1398 | 1748 
1430 | 1788 
1460 1825 
1492 1865 
1524 1905 


Coarse expanded shale 





One 


= 2 
ov 


anwootaweo 
n 


on 


3810 
2632 3290 








| 
| | 
Cement—Type 2 B5 |} 1316 | 1645 


Admixture—retarder | | 28 oz 35 oz | ‘ 56 oz 70 of 


Admixture—air- 
entraining agent | 16 oz | 20 oz y 32 of 40 of 


Design weights and material constants 


cu yd-— | | 
saturated Absorp- Cement 
cu yd—- | surface | Specific | tion, Fineness | factor, | 
Item ibulk dry, Ib} dry, Ib | gravity | percent | modulus bbl | Remarks 
Fine aggregate—sand 53: ee 2.62 0. 
Fine aggregate— | | 
expanded shale Q 7 5. ; 3, | % to dust 


Coarse te— | | 

expan ed shale | 625 i | fi 5. | - % to No. 4 

Cement—Type 2 j | 3.uf | - 7! | 

Water 

Admixture—air- 
entraining agent 

Admixture—retarder 


| 


| | Vary for unit weight 
- | Liquid 


j 
| 


*Air content 6 percent at unit weight of 110 lb per eu ft. 


pan, a moisture test could be completed on a 500-g dry weight lightweight 
aggregate sample in about 40 min. Water was added to trucks batched from 
the commercial plant by the drivers according to the determinations made 
above. From the other plant, water was added into the drum with the other 
materials according to the directions of the plant inspector. At each placing 
site, two inspectors supervised truck mixing of concrete, addition of admix- 
tures, and made control tests while a third inspector supervised placing and 
finishing of the concrete. To say that the above system is foolproof would 
be a misstatement, but less than 5 percent of the batches required adjustment 
at the work and only ten of the 4400 cu yd placed were rejected for being 
overwet. 

The problem posed by high absorption (Tables 1 and 2) of the expanded 
shale aggregates was overcome by using them in saturated surface dry plus 
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condition which was accomplished by use of wetted stockpiles. Specifications 
were so written that no aggregate could be used that had not been continuously 
sprinkled for 48 hr prior to use. Rigid adherence to this specification pro- 
duced the desired result but with the complicating factor of free moisture 
contents up to 15 percent which made consistency control exacting work. 
After the first day of concreting, this procedure was modified so that the 
stockpile to be used on any given day would be sprinkled until the end of 
work on the day previous and then be allowed to drain over night. This was 
highly successful and most aggregate of both sizes was used at a stabilized 
free moisture between 5 and 8 percent. The crane operators loading the 
hoppers continually remixed the stockpiles to overcome segregation as to 
size and moisture content. There is no doubt that presaturation of the aggre- 
gates was the key to successful consistency control. 

At the work site, a‘mixtures were added, concrete was mixed, and unit 
weight and air content were controlled. Consistency was indicated by the 
slump test and controlled by adjusting mixing water. Air content was meas- 
ured gravimetrically and controlled by varying the amount of air-entraining 
agent. It was noted earlier that a field test batch indicated the water re- 
quirement in the field would be several gallons less than that indicated by the 
laboratory tests partly due to the use of a drier consistency. Increase in all 
quantities to compensate for the loss of yield raised the unit weight at 4 
percent air content to slightly more than 112 lb per cu ft. It was decided 
to place the concrete at a unit weight of 109 to 110 lb per cu ft and this was 
accomplished by controlling the air content between 6 and 7 percent. The 
expected decrease in compressive strength was offset to some extent by a low- 
ered water-cement ratio. Unit weight determinations were made together 
with slump on approximately every third batch in a '4-cu ft measure on a 
platform scale. The amount of air-entraining agent to maintain the desired 
unit weight and air content varied with the temperature and other factors but 
was approximately 8 oz per cu yd which is about twice the amount of the 
same admixture needed to produce 5 percent air in a standard weight concrete. 
Yield control was good and actual yield varied less than 1 percent from theo- 
retical. For the entire job, fresh unit weight averaged 109.7 lb per cu ft, 
slump 2.41 in., and air content 6.3 percent. 

Test specimens were 6 x 12-in. cylinders made in sets of eight from the same 
batch at the rate of approximately one cylinder for each 10 cu yd placed. 
Molds were waxed cardboard with metal bottoms. Cylinders were broken 
in pairs at four different ages including 7 and 28 days. Average strengths for 
7, 28, and 90 days were 2508, 4184, and 5220 psi, respectively. Results of all 
specimens tested are included in averages. Whenever possible, cylinders 
were moved while fresh into a heated field office and stored under damp burlap 
until 1 day old. Then, still in molds, they were turned upside down in a tray 
of water to seal the open end against evaporation loss. When cylinders could 
not be moved immediately, they were stored in the field overnight in an in- 
sulated box and placed in the water tray the following day. All cylinders 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1958 


Fig. 3 (left)—Concrete was placed with self-powered buggies. Fig. 4 (right)—Striking 
off concrete with 37-ft power screed 


were delivered to a standard laboratory moist room within 4 days, where 
they were cured until tested. Test specimens from some groups failed to 
reach 4000 psi at 28 days but always exceeded this figure at 90 days. 

Some unit weight specimens were cast a foot square and 6%4 in. deep, field 
cured, and stored under cover at outside temperatures. After air drying for 
8 months weight was 93.5 percent of weight when fresh. If behavior of con- 
crete in service is similar, unit weight should approach 102.5 lb per cu ft. 


PLACING, FINISHING, AND CURING 


Concrete was taken by power buggy from trucks or transfer hopper to the 
forms where it was dumped into place, consolidated by vibration, and struck 
off by two or more passes of a 37 ft wide power screed (Fig. 3 and 4). It 
is interesting to contrast the harsh dry appearance of concrete before vibra- 
tion to the shiny almost wet appearance after vibration. Concrete having a 
slump less than 134 in. was too dry to be readily workable, and that having 
a slump in excess of 3 in. tended to creep in the forms. The ideal slump was 
2 to 2% in. and concrete was closely controlled to this range. There was no 
problem of segregation in handling and there was seldom any bleeding at the 
surface. 

Following the screed machine were finishers who luted the surface using 
a 10-ft variable pitch aluminum float with extensible handle (Fig. 5). This 
tool was developed on the job to eliminate the necessity of longitudinal screeds 
and transverse bridges in finishing a 37 ft wide slab. Finishers worked from 
each side of slab lapping in the center to obtain results far better than the 
l¥-in. tolerance in 10 ft specified. As the slab was to receive an asphalt 
plank wearing surface, no further finishing was done. Occasionally the 
screed machine left high spots that had to be cut by the lute. This was done 
easily and finisher reaction to working the surface was highly favorable. 
The work was described as much easier than the finishing of normal weight 
paving concrete. 





LIGHTWEIGHT CONCRETE DECK 


Fig. 5—Finishers used a 10-ft 
lute with an extensible handle 


On the curbs, where a roughened float finish was desired, it was necessary 
to use a cork or sponge rubber float, as a wood float did not leave the desired 
surface texture. Heavily reinforced curb sections were formed with excellent 
detail using dry consistencies snd heavy vibration. 

Concrete was cured 14 days under wet burlap, except where asphalt plank 
could be laid immediately; in those sections water cure was terminated in 7 
days, surface was air dried 1 day, and asphalt primer, mastic, and plank were 
laid in lieu of further curing. Concreting was completed in fall and forms 
were not removed until spring, although removal was allowed at 14 days. 


WEARING COURSE 


As stated previously, there is a 1 in thick asphalt plank wearing course 
covering the structural roadway slab. A stainless steel grid approximately 
12 x 12 ft was placed in the top surface of the slab to prevent creep of the 
asphalt plank. Originally, the contractor had planned to concrete the grid 
in place, but problems of securing a relatively limber grid in exact position 
and finishing to required surface tolerances between grid bars seemed insur- 
mountable at the time, and it was decided to place the grid after concrete 
had hardened. Placing was accomplished by sawing a kerf in the concrete 
34 in. deep, wide enough for a driving fit, then hammering the grid bars home. 
Concrete, up to 3 days old, was sawed with an abrasive blade and, there- 
after, concrete was hardened to the extent that a diamond blade was nec- 
essary. At ages less than 24 hr, concrete tended to ravel when sawed. 


SUMMARY 


From the standpoint of mix selection, experience on the Tappan Zee Bridge 
demonstrated that high strength concrete may be produced using cement 
factors similar to those required for normal concrete through the use of drier 
consistencies with lowered total water requirement. Further, natural sand 
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content definitely affects strength and workability characteristics of this ex- 
panded shale concrete. It is conjectured that, with additional testing of mixes 
and use of control techniques described herein, still further reduction could be 
made in cement factor without loss of compressive strength. 


Experience has affirmed that presaturation of aggregates and stabiliza- 
tion of free moisture content is the key to successful control. Gravimetric 
determination of air content is practical and accurate. Also, dry consistencies 
may be used together with heavy vibration without segregation of material 
or loss of workability. 

Finally, it is noted that compressive strength of field cylinders at 90 days 
was about 25 percent improved over 28 days, and that unit weight loss of air 
dried concrete approached 7 percent. 


Discussion of this report should reach ACI headquarters in tripli- 
cate by Mar. 1, 1959, for publication in the June 1959 JourNat. 
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SHEAR, DIAGONAL TENSION, 
AND ANCHORAGE IN BEAMS 


By E. M. RENSAA 


PROBLEMS relating to shearing strength and diagonal tensile strength of reinforced 
concrete beams are discussed. Particular attention is given to conditions at points of 
contrafiexure. It is pointed out that bending stresses will have an influence on both the 
direction of tension cracks and on the shearing strength of beams. The effect of shrink- 
age stresses will also have considerable influence on the diagonal tensile strength. Actual 
direction of cracks may cause an increase in anchorage steel tension greater than that 
found by ordinary bending moment theory. It is shown that the ordinary formula for 
shearing stresses in reinforced concrete beams is not applicable at sections where there are 
no bending stresses. 


SoME FAILURES OF REINFORCED CONCRETE frames in diagonal tension a 
few years ago focused the attention of designers on the adequacy of the shear 
clauses in our building codes. In spite of the considerable number of tests and 
theoretical investigations made during more than half a century, no general 
agreement has so far been reached about how to safeguard against failure in 
diagonal tension. An examination of building codes in North America and 
Europe shows a great variation of specifications for shear reinforcement. 

There has, in the opinion of the writer, been too much emphasis placed on 
finding formulas which would be universally applicable and not enough thought 
given to the accuracy of fundamental assumptions for different stress condi- 
tions. The majority of textbooks show how formulas are developed without 
pointing out the limitations of the fundamental assumptions on which the 
formulas are based. The result is that most engineering students are apt to 
use the standard formulas with little criticism, until perhaps confronted with 
an unexpected mishap. Reinforced concrete is not a homogeneous material 
and cannot be expected to be as fitted for generalization as, for instance, struc- 
tural steel. 


The object of this paper is to make a contribution to a better understand- 
ing of shearing stresses and related problems in reinforced concrete. It seems 
possible in some cases to obtain such an understanding on the basis of theoreti- 
cal considerations. In other instances this does not appear possible without 
additional tests. 
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PROPER SHEAR 


Concrete has a relatively high shearing strength and “proper shear” sel- 
dom is an initial cause of failure. It is nearly impossible to determine shearing 
strength accurately because of the difficulty of eliminating accompanying 
tensile stresses during tests. Test results, therefore, vary considerably 
depending on how successful the investigator has been in reducing the 
tensile stresses accompanying the shear. Shearing strength will, to a large 
extent, depend on the restraint against expansion transversely to the direction 
of shear. It is also likely that direct compression or tension perpendicular 
to the plane of shear will have considerable influence on the actual shear 
strength. 


Tests to determine proper shearing strength of concrete have been carried 
out by a number of investigators. Early American tests were designed to 
obtain the absolute shear strengths under conditions of lateral confinement. 
Tests by Taylor indicated ratios of shearing strength to compressive strength 
of 0.44 and 0.57 depending on concrete quality. Tests by punching through 
plates gave ratios varying from 0.37 to 0.86 depending on the form of test 
piece.! 

Tests made under the direction of Spofford on cylinders 5 in. in diameter 
with ends securely clamped in cylindrical bearings gave shearing-compressive 
strength ratios ranging from 0.63 to 1.04, the highest being for a concrete 
having a compressive strength of only 1110 psi.? 


A test under conditions of what may be assumed as the greatest obtainable 
lateral confinement has been described by Rehm.* This was a pull-out test 
with a bar having a single shoulder which had bearing on a projection inside 
a hole through a concrete specimen. The maximum shearing strength was 
found to be approximately equal to the cube strength. 


It is clear that the above test results do not represent actual conditions in 
practice. There is usually little or no lateral restraint acting on reinforced 
concrete beams and tensile stresses are not effectively eliminated. It may, 
therefore, be assumed that under such conditions, shearing strength to com- 
pressive strength ratios will generally be lower than the figures quoted above. 


Tests by Mérsch‘ on rectangular specimens without lateral confinement 
indicated a shearing strength equal to Vk, k, where k, is the tensile strength 
and k, the cube compressive strength of the concrete. Since the tensile 
strength will always be less than the compressive strength, the shearing 
strength, according to Mérsch’s equation, will also be less than the com- 
pressive strength. Assuming, for instance, the tensile strength to be 8 percent 
of the cube strength and the standard cylinder strength to be 80 percent of 
the cube strength, we get: 


: 008 XT XIE 
Shearing strength = /° ax F u = 0.316 f,’ 
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The coefficient of 0.316 applies only 
to the assumed relation of tensile 
strength to compressive strength. 
Actually the tensile strength of or- 
dinary concrete seems to vary approx- 
imately in proportion to the square 
root of the compressive strength, and 
a definite coefficient should not be 
assumed. 

Further tests on shearing strength 
are reported by Suenson‘ and Rausch ;° 
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It seems to be clear from tests with concrete specimens having no special 
lateral confinement that the proper shearing strength, if it can be called such, 
will be influenced so largely by unavoidable tensile stresses that a direct linear 
relation to compressive strength does not exist. This is even more true for 
the diagonal tensile strength. It is, therefore, quite incorrect to specify the 
allowable strength in shear of unreinforced concrete to be proportional to the 
compressive strength, as has so far been customary in North America. It 
would be much more logical to stipulate a certain allowable shear for each of 
the standard concrete strengths. 

Since there is such a wide spread between proper shearing strengths found 
by different investigators, it seems safest to figure with the lower values which 
apply for conditions of little or no lateral restraint. However, since the shear- 
ing strength in any case is much higher than the tensile strength, it is only 
in exceptional cases, such as where a heavy concentrated load is acting close 
to a support, that there is any appreciable danger of initial failure by shear 
Another, and more usual case, is where a crack caused by diagonal tension 
has extended so far toward the compression side of the beam that the re- 
maining uncracked concrete has insufficient shearing resistance. 


PRINCIPAL STRESSES 


Even though shearing stress alone is seldom a primary cause of failure, the 
shear combined with bending moment tension may form a resultant diagonal 
tensile stress which frequently causes initial cracking. This principal stress, 
unless adequately reinforced against, often limits the carrying capacity of a 
beam. Although shear is thus only a component of the principal stress, it is 
generally used as a measure of the beam’s ability to resist principal tensile 
stresses. The shear component, however, is only usable for that purpose 
where conditions are similar to those forming the basis for the allowable shear- 
ing stresses. Bending stresses, torsional stresses, and axial stresses will also 
influence the magnitude and directions of the resultant principal stresses. 


Shear alone as a measure of principal stress intensity may be misleading. 
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This fact is unfortunately often disregarded and in the case of members sub- 
ject to axial tension, the disregard may lead to unsafe designs. The adoption 
of the transverse shear force alone and its corresponding shearing stresses as a 
basis for the design of web reinforcement has caused a great deal of misunder- 
standing of the actual conditions of internal stresses in reinforced concrete 
members. It would undoubtedly have been better if, from the beginning, 
principal stresses had been made the basis for calculation and design of web 
reinforcement. 

In the design of reinforced concrete beams for bending it is usual to assume 
that concrete has no tensile strength. This is a necessary safeguard in such 
cases where the tensile strength of concrete is liable to be exceeded. The 
assumption that concrete has no tensile strength has been used, in other in- 
stances, as a basis for the development of mathematical theories. The result 
in such cases may be both unrealistic and misleading. The truth is that con- 
crete would be completely useless as a construction material if it had no tensile 
strength and no shear strength. 


While the assumption of no tensile strength in bending is universally ac- 
cepted, the practice is not so uniform when it comes to diagonal tension. 
European custom, in the case of beams, is either to reinforce for the com- 
plete shear on the portion of a beam where the allowable unit shearing stress 
for an unreinforced beam is exceeded, or to reinforce for the complete shear 
if the unit allowable shearing stress is exceeded on any portion of the beam. 
North American practice has been to assume that concrete could carry some 


shear and use web reinforcement for the rest. Which contention is right, 
the European or the North American? 


Until about 1916 the rules for reinforcing against diagonal tensile stresses 
were about similar in Europe and North America. It was assumed that con- 
crete would take a certain part of the shear in any case, regardless of the in- 
tensity of stress, and that it was only necessary to provide shear reinforce- 
ment for the balance of shear not taken by the concrete. This rule, which is 
still used in the United States, has been abandoned in Europe. The chief 
reason for this abandonment was information obtained from extensive tests 
carried out in Germany during the first quarter of this century.* These 
tests proved that the assumption of apportioning some part of the shear to 
the concrete would not always prevent failure in diagonal tension when a 
beam was loaded to its ultimate capacity. Tests were then conducted to 
find out what proportion of shear should be carried by the steel to prevent 
failure in diagonal tension. It was found that with the kind of concrete com- 
monly used and where shear was a critical factor that it was advisable to 
provide web reinforcement for the complete shear. German specifications 
were then changed in 1916 to provide for full shear reinforcement on such 
portions of a beam where allowable shearing stresses without reinforcing were 
exceeded. During the next decade, European specifications were changed 
to comply with this rule which is still in general use. Further German in- 
vestigations indicated that it was possible to have shear failure even on the 
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portion of the beam where the shearing stress was lower than 4 kg per sq cm 
(57 psi). In 1925 the Germans therefore again tightened up their shear speci- 
fications and prescribed full shear reinforcement for all shear if the allowable 
shear without reinforcing was exceeded on any part of the beam. 

It might appear from the above that North American engineers should 
follow at least the generally accepted rule of providing full shear reinforce- 
ment where the maximum allowable shearing stress without reinforcing was 
exceeded. Many engineers strongly favor adoption of such a rule. However, 
there is a condition which should be considered before taking such a step. 

The Germans have allowed the use of concrete of relatively low compressive 
strength. Their ordinary concrete qualities are designated as B 120, B 160, 
B 225, and B 300, which indicate compressive cube strengths in kg per sq cm 
at 28 days. This corresponds to cylinder strengths of about 1500, 2000, 2800, 
and 3400 psi, respectively. The use of the lowest strength concrete was rather 
common earlier and is still allowed for unimportant reinforced concrete struc- 
tures. The second grade has, until recently, been more or less the standard 
for ordinary work. The German tests showed that for the two lower grades 
it was difficult to avoid crushing of concrete at the bend of bent-up bars if 
the steel strength was to be fully utilized and such bent-up bars are designed 
in German practice to take most of the shear. Safe anchorage of the smooth 
stirrup bars in the compression zone was also a problem, although as a rule a 
lesser one. Using full shear reinforcement for such low strength concrete 
meant in reality the lowering of the actual steel stress to such an extent that 
crushing of concrete and slipping of anchorage was avoided. Even Morsch, 
who was the chief advocate of full shear reinforcement, found that when us- 
ing the third grade, B 225, full safety against shear failure was obtained with 
web reinforcement for only half the shear.* The reason was the greater safety 
against crushing and anchorage failure with the higher strength concrete. 

While North American codes allow the use of 2000-psi concrete, such low 
strength concrete is seldom used for structures of any considerable span or 
importance. It would be uneconomical under these circumstances, except 
for concrete with strength less than about 2500 psi, to specify full shear rein- 
forcement regardless of concrete quality. 


The National Building Code of Canada was changed a year ago to specify 
that at least two-thirds of the shear above the lower allowable limit should be 
taken by the web reinforcement for unit shearing stresses up to 0.06 f.’, above 
which the full shear should be taken by the web reinforcement. It is the 
writer’s opinion that on the stretch where shear reinforcement is required 
it is better to reinforce for a certain proportion of the shear than to provide 
only for the excess shear stress block above the allowable value for concrete 
without web reinforcement. If, on a portion of a beam, there is any danger of 
formation of diagonal tension cracks, there should then be a sufficient number 
of stirrups at a reasonable spacing to hinder objectionable widening of the 
cracks. Such spacing is not feasible where the shear stress block is wedge 
shaped. 
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It has been proved by numerous tests that the remaining uncracked con- 
crete of a section will carry some external shear. If it were possible to de- 
termine how much shear the concrete itself would carry, it would then be 
necessary to put in only enough web reinforcement to carry the excess shear. 
This reinforcement would be sufficient to safeguard the member against 
diagonal tension or shear failure. 

To determine how much the concrete will carry is not an easy matter, how- 
ever. The strength of a beam in shear depends not only on the compressive 
strength, shearing strength, and tensile strength of the concrete but also on the 
amount and distribution of the web reinforcement and even to some extent 
on the horizontal reinforcement. Shrinkage stresses and temperature stresses 
may also have a large influence. Considerable work has been done in the 
United States to evaluate the influence of all but the last two items and 
empirical formulas intending to show the ultimate shearing resistance of 
beams have been worked out (see for instance papers by Moretto’® and by 
Laupa, Siess and Newmark’). It has been found that the formula by Moretto 
based on tests of simple beams does not apply to restrained beams.'! Ac- 
cording to Laupa, Siess and Newmark (Reference 7, p. 10-11) all earlier 
attempts have failed to establish generally applicable equations. In their 
paper these investigators make another attempt to work out formulas for 
ultimate shear strength of both rectangular and T-beams. However, the 
analysis is based only on beams made and tested in laboratories. The in- 
fluence of longitudinal forces set up by shrinkage and temperature deforma- 
tions, such as will most often be encountered in a structure where a beam is 
only a part of the whole, has been neglected. It is the writer’s opinion that 
even if the equations had been suited for practical use, they would still not 
generally give accurate or safe values since the above mentioned additional 
influences have not been taken into account. 

The above discussion applies to the ordinary condition of freely supported 
ends. Most of the tests for shear have been made on such simple beams. The 
principal stresses under this condition will be a combination of shearing 
stresses and bending stresses. Near the free end of the beam shearing stress 
will form the largest component while the opposite is the case toward the 
center of the span. There will also generally be little external axial tension 
from shrinkage and temperature deformation at the freely supported end of a 
beam. A crack in the concrete will generally start, under these conditions, 
from the underside of the beam and move upward toward the neutral axis. 
If there is no web reinforcement, the external shear will then have to be 
taken partly by dowel action of the bottom reinforcement and partly by the 
uncracked compression zone above the neutral axis. 


It may be useful to consider the problem of dowel action in more detail. 
If a bar is embedded in a concrete body of fairly large cross section, we know 
that the bar will carry a considerable transverse load after the concrete has 
cracked. How much additional resistance the bar provides to concrete be- 
fore cracking is not known by the writer but it is probably not much. In the 
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case of the ordinary horizontal reinforcement in a concrete beam, the bars are 
placed fairly close together near a surface. There will therefore be a relatively 
small concrete section left outside and between the bars to resist a transverse 
pressure from the bars. This concrete will in addition have considerable 
tension from transverse shrinkage which the relatively uncompressible steel 
bars will set up. It is not to be expected under these circumstances that the 
remaining small concrete section can have much dowel resistance and cer- 
tainly not to an extent which will justify much dependence on it. There is 
still another way in which dowel action may take place, namely if a horizontal 
split along the bars crosses a stirrup. Such a stirrup will then take up the 
transverse load from the horizontal reinforcing bars. Thus, if a diagonal crack 
starts near 2 stirrup there may still be considerable help from the stirrup after 
a split has formed even if the diagonal crack does not cross the stirrup. This 
may, under certain circumstances, relieve the remaining uncracked concrete 
section of some of the shear load. As the stirrup gets overstressed, or the 
horizontal bars are deformed in bending, the shear load again transfers to the 
uncracked concrete section. It should also be mentioned that the portion of 
shear load which may be carried by the combined bar-stirrup dowel action will 
depend on the slope of the diagonal crack since this has an influence on the 
vertical offset of the adjacent sections at a crack. 


In view of the above discussion it would appear to be difficult to determine 
how big a proportion of the shear load will be taken by dowel action and it 


seems safest to disregard this completely. Under these circumstances, and 
if there is no web reinforcement crossing the crack, the whole shear must be 
taken by the uncracked compression concrete. It is not likely that inter- 
locking of aggregate across the crack will carry any appreciable portion of the 
shear. The contention that concrete can carry some shear is therefore true 
for a case where some portion is uncracked. Since concrete is relatively strong 
in shear, less than the complete concrete section will in many cases provide 
stability. However, as the crack moves upward, the section of concrete 
which must carry both shear and compression becomes smaller and the unit 
principal stress correspondingly higher. .We may then get a failure caused 
by combined shear and compression. Thus, the function of well designed 
web reinforcement should be to carry some of the shear directly, and also 
hinder a diagonal tension crack from moving so far upward that the remaining 
uncracked portion becomes too small. Tests have shown that web reinforce- 
ment properly spaced and proportioned will have an effect on the shear 
strength of a beam even if not designed to take the full shear. 


It is not easy to determine the actual distribution of shear load between 
concrete and web reinforcement. Where material of different kinds is used 
to form a structure, it is always a possibility that one kind may fail before 
the other gets into action. Steel will stand overstressing to a considerable 
extent, and in the case of web reinforcement may generally be depended on 
to act with the concrete until complete failure of the member takes place. 
If, on the other hand, the concrete should fail completely before the steel gets 
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into action, the whole load would, in such a case, have to be carried by the 
steel. This will be the case with a reinforced concrete member in tension 
and, as will be shown later, may also apply to a continuous beam at the point 
of contraflexure. 

Concentrated loads and the reaction from a support have some local modi- 
fying influence on the principal stresses. Investigators have found that 
compression from a support increased the principal compressive stress near 
the support by 38 percent and decreased the principal tensile stress by 28 
percent.'? The important part of this stress change is, of course, the bene- 
ficial decrease in diagonal tension. Since this decrease only occurs near the 
support, it is obvious that shear of the same magnitude is more dangerous 
farther out on the beam. 


WHICH TYPE OF WEB REINFORCEMENT IS MOST EFFECTIVE? 


In Europe the practice is to use bent-up bars as the major part of web re- 
inforcement and space stirrups at a uniform distance to take a minor pro- 
portion of the shear. American practice favors the use of vertical stirrups 
and often no bars at all are bent-up. To determine what kind of web rein- 
forcement is most effective, it is useful to study the stress trajectories of a 
homogeneous beam. 


Fig. 1 shows the trajectories for one-half of a simply supported beam acted 


on by a concentrated load at the center of the span. The principal stresses 
will all have slopes of 45 deg at the neutral axis where there is no bending 
stress. However, slopes will differ considerably along the beam from the 
neutral axis to the tension side. 


In the ordinary shear theory for reinforced concrete, we assume concrete 
to have no tensile strength and the weak section in diagonal tension to con- 
tinue downward from the neutral axis at 45 deg. This assumption forms the 
basis for the Mérsch truss analogy and also for the spacing of stirrups. How- 
ever, tests have proved that the assumption of concrete compression diagonals 
and bent-up tension steel bars forming a Warren truss with diagonals at 45 
deg will not give sufficient safety against crack formation. Neither will a 
Pratt trust system be safe with concrete compression diagonals at 45 deg 
and vertical tension members consisting of stirrups. Bent-up bars should 
not be spaced farther apart in the longitudinal direction than a distance cor- 
responding to the effective depth, and stirrups certainly not more than 75 
percent of this dimension if the web reinforcement is to be sufficiently effective. 
The reason for the closer spacing seems to be obvious. The average slope 
of a stress trajectory is steeper than 45 deg near the support and becomes 
almost vertical near the center of a beam. Cracks are most likely to start 
along a line of maximum principal tensile stress and follow such a line unless 
there is an influence causing a redistribution of stresses. Local weaknesses 
and web reinforcement crossing a crack will be parts of such a modifying 
influence. A truss analogy is, therefore, only of value if the compression 
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Fig. 1—Stress trajectories for 

simply supported beam with a 

concentrated load at the cen- 
ter of the span 














diagonals have slopes corresponding to the actual slopes of compressive 
stresses in the beam. 

Web reinforcement is supposed to be effective only when crossing a crack. 
If the crack is so steep that stirrups will not necessarily cross it, of how much 
value are the stirrups? This question is especially important for locations 
where both shear and bending stresses are a maximum, such as at interior 
supports of continuous beams and for beams having concentrated loads. An 
answer to this question could only be determined by tests. It would appear, 
however, that bent-up bars will generally provide much greater safety against 
diagonal cracking than can be expected from vertical stirrups. Stirrups, on 
the other hand, will perform the useful additional function of reinforcing a 
beam transversely against splitting caused by bond or anchorage stresses 
in the main horizontal reinforcement. An alternative to bent-up bars would 
be stirrups placed at a suitable slope. There can be no doubt that such 
stirrups, if properly anchored to the main reinforcement, would be just as 
effective as bent-up bars. In fact, they would be even better because of gen- 
erally smaller cross section and therefore better anchorage at the compression 
side. Neither would there be the same danger of crushing concrete at the 
bends. Sloping stirrups would have the same advantage as ordinary ones in 
providing reinforcement in the transverse direction. That sloping stirrups 
are better than vertical ones in locations with both maximum bending and 
shear seems to be quite obvious and has been proved by tests.'* 

It should be understood that vertical stirrups will only carry the vertical 
component of the diagonal stress. There should be in reality a corresponding 
amount of horizontal reinforcement to take up the horizontal stress component 
of the diagonal stress.* If this horizontal steel is lacking, additional tension 
is thrown on the main horizontal reinforcement. If the beam should be rela- 
tively deep it would be advisable (and it is required by some European con- 
crete codes) to place special longitudinal reinforcement in the middle portion 
of a beam stem. 


SHEAR AT POINTS OF CONTRAFLEXURE™.”*° 


We have seen that there is good reason to assume that concrete and web 
reinforcement will act together for cases of combined bending and shear. 
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That can only happen if a portion of the concrete section is uncracked, as is 
generally the case where there is some bending. This also forms the basis 
for the ordinary shear stress formula for reinforced concrete. We cannot, 
however, assume that this formula will apply if one of the basic external load 
conditions such as bending is absent. 

When calculating the stresses in a reinforced concrete section, it is usual to 
designate the condition before cracking as ‘‘Case I.”” When a crack forms 
and only a part of the concrete section is effective, the condition is designated 
as “Case II.” The usual shear stress formula for reinforced concrete with 
its corresponding stress diagram is based on the conditions of Case II. This 
assumes cracks to be perpendicular to the axis of the member and that there 
will be an uncracked portion from the neutral axis to the compression side 
of the beam. 

To follow the action of the stressing of the member, it is necessary to start 
with Case I. We know that concrete has its greatest weakness in tension 
and when it cracks it will ordinarily start along a line perpendicular to the 
principal tensile stresses. This cracking line is never vertical at any point 
on a beam acted on by transverse forces where there is little or no bending 
moment. The assumption of vertical cracking at such a point to suit our 
usual shear stress formula is therefore not in order. Furthermore, since the 
tensile stresses perpendicular to a diagonal plane will extend from top to bot- 
tom of the beam and will be of greatest magnitude near midheight, we can- 
not generally figure on the crack stopping before it has passed through the 
complete section. There is in such an instance no Case II, but only Case I 
and a second condition with the concrete section entirely inactive. The whole 
shear and direct tension will then have to be carried by the steel without 
any help from the concrete. If the steel is not strong enough for that purpose, 
the result will be complete failure. Such a condition is encountered at a point 
of contraflexure of a continuous beam since there is no bending at that point 
but only transverse shear. There may be, in addition, either direct tension 
or compression aeting in the longitudinal direction of the beam. If the direct 
load is compression, the diagonal tension component will be smaller, but if 
there is longitudinal tension, the combined diagonal tension component will be 
greater with a correspondingly decreased factor of safety. 

The allowable shearing stresses found by the ordinary shear stress formula 
are based on tests of simply supported beams. Even if the stresses found by 
this formula are not exact, they still form a useful basis for comparison for 
similar conditions of loading, shape, and support. If conditions are quite 
dissimilar, as at a point of contraflexure, an approximate formula may lose 
all its value as a measure of comparison. The originators of the formula may 
not have been aware of this limitation, or at least have failed to draw it to 
the attention of others; that the formula gives only relative values has been 
known for many years (Reference 5, p. 343). 


If we want to find what the approximate shearing stresses are at and near 
a point of contraflexure before any cracking has taken place, it is necessary 
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to use the formula for homogeneous sections. This formula will give a unit 
maximum shear stress of v = 1.5V /bh at the neutral plane of the section and 
the stress will decrease parabolically to zero at top and bottom of the beam. 
The presence of reinforcing steel may modify the stress to some extent. In- 
vestigations by Mérsch have indicated a coefficient of 1.62 instead of 1.5 where 
the bending moment is low and the concrete uncracked.'’ This small differ- 
ence, which may in itself be variable, is of little importance. The important 
point is that the maximum principal tensile stress at points of contraflexure 
is not at the bottom or at the top of a beam but rather at the centroid of 
the section. Furthermore, since the weak section for principal stresses is not 
vertical, but inclined, there will be compressive stresses induced from bending 
both at top and bottom where the incline reaches the top and bottom surfaces. 
This again increases the tensile stress at the neutral plane of the section. How- 
ever, whether a crack will first start at top, bottom, or center will likely de- 
pend on local weaknesses in the concrete. 

If a through crack forms at a point of contraflexure, neither the shear formula 
for homogeneous beams nor the usual shear formula for reinforced concrete 
will apply because there will be no shearing strength of the concrete left for 
transfer of shear across the crack. In a case like this, the structural stability 
of the member depends either on the ability of the concrete alone to take the 
complete diagonal tensile stress or, if the concrete cracks, the complete shear 
and longitudinal force must be taken by the reinforcement. Putting in web 
reinforcement for only two-thirds of the shear, for instance, is equivalent to 
expecting web reinforcement to carry one-third extra stress after it gets into 
action due to formation of a through crack. 

It is true that the positive and negative bending moments will increase rela- 
tively fast from a point of contraflexure. However, if we assume the weak 
plane in diagonal tension to be at 45 deg (and it will be steeper in most cases), 
the distance available for getting concrete into compression will be, at the 
most, only half the depth of beam on each side of the contraflexure point. 
Since, in the majority of cases, there will be initial tension in the concrete due 
to restrained shrinkage, we cannot safely figure on any portion of concrete 
being in compression along the potential diagonal crack line. Furthermore, 
any increase in compression at both top and bottom of beam must create a 
corresponding additional tension on the center portion so there will be no real 
help from such compression. 

The horizontal inward reaction in a rigid frame will be helpful, particularly 
in the end spans, to put some horizontal compressive stresses into the beam. 
Internal columns, if fairly rigid, will decrease this compression. Interior spans 
will therefore, and because of axial shortening of the beam due to shrinkage 
and temperature decreases, be in the worst position even if the shearing stresses 
are the same. 


There is little doubt that the most suitable web reinforcement at points of 
contraflexure are bent-up bars or sloping stirrups. A crack at this position 
may be as steep as 60 deg and perhaps even steeper due to the presence of 
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longitudinal forces.'* In such cases, the shear distance adequately covered by 
a vertical stirrup may be rather short. Bent-up bars will cover a greater dis- 
tance and will not be liable to destruction one by one to the same extent as 
stirrups, which may be stripped off progressively. 


There is generally some initial internal stress in a beam caused by shrinkage. 
For a section containing reinforcement, this will cause compression in the steel 
and tension in the concrete. Assuming, for instance, a shrinkage coefficient 
for unreinforced concrete of m = 0.0003, E, = 29,000,000 psi, p = 1.5 per- 
cent, and n = 10. 


29,000,000 _ 10 K 0.015 


= ().0003 X — 
10 1+ 10 X 0.015 


= 113 psi tension 


Are = 7533 psi compression 
The coefficient of shrinkage used here is smaller than may be expected for in- 
door conditions and completely dried out concrete. On the other hand, there 
will be a plastic flow of concrete which will reduce the shrinkage deformation 
somewhat. 


The beam length will also decrease in accordance with the deformation 
caused by shrinkage shortening of the complete system. If the supports are 


of a kind which will restrain such longitudinal deformation, the result will 
be a further increase in concrete tension. The maximum tension created by 
concrete shrinkage would occur where all longitudinal contraction was pre- 
vented by support resistance. Complete hindrance of contraction is infre- 
quent, but a considerable resistance is rather common. It is, unfortunately, 
difficult or impossible in many cases to determine this resistance accurately. 


There is still another form for shrinkage stress which might not be negligible. 
In a member of large cross section, drying out of surplus water must neces- 
sarily start from the outside. If this drying process takes place quickly, there 
will be large shrinkage stresses set up at the exterior part of the member while 
the interior will be in compression and act in about the same manner as ex- 
ternal support resistance. It is quite conceivable that under unfavorable 
conditions, the external concrete may be overstressed and get thin cracks 
not easily visible. The complete concrete section may not be at its weakest 
during this period of drying since the internal concrete is still in compression 
and thus will decrease the longitudinal shortening of the member. A similar 
condition of differential shrinkage stresses could occur in an I-shaped member 
where the thinner web would dry out more quickly than the bulkier flanges. 


It is clear that the contribution from shrinkage stresses to principal tensile 
stresses could be quite large. We might get into a situation where the tensile 
strength of concrete is overcome even if the nominal shearing stress is not 
unduly high. 
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Let us now consider the combined stress condition at a point of contraflexure 
(Fig 2). We will at first assume that there is no crack and that section A-A 
represents a potential plane of weakness perpendicular to the principal tensile 
resultant stress. The stress distribution on the portion of the beam to the 
right would then be about as indicated in Fig 2a. If a crack forms there must 
then be a redistribution of stresses if equilibrium is to be maintained since 
the shear component S will be destroyed (assuming no dowel action). This 
new stress condition is shown in Fig. 2b. It is clear that the tension com- 
ponent 7 in Fig. 2a is causing the crack and not the shear component S, 
since concrete is relatively strong in shear. 


The force diagram shown in Fig. 2b would have to be modified if there were 
an external horizontal force acting on the beam. If this force was a tension, 
the direct compressive stress in the horizontal reinforcement would decrease 
and even turn into tension if the external force became greater than H, + Hs». 
With stirrups only taking all shear, there would of course always be tension 
in the horizontal reinforcement if the beam had an external tensile load. 


The question may be asked if it is necessary in all cases to provide web 
reinforcement at points of contraflexure. The writer does not think that this 





























Fig. 2b 


Fig. 2—Stress conditions at a point of contraflexure 
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is the case. We know that concrete can take some tension and that also applies 
when such tension acts in a diagonal direction. Continuous reinforced con- 
crete slabs, for instance, have given little or no trouble at points of contra- 
flexure because the diagonal tension in most cases will be low and on the safe 
side. 

It has been mentioned that the presence of longitudinal tension will cause 
a diagonal crack to be steeper than 45 deg. If there were no shear, the crack 
would of course be about 90 deg with the longitudinal axis. Conversely, with 
longitudinal compression, such as for instance in a precompressed concrete 
member, the diagonal crack should occur at an angle smaller than 45 deg. 
While sloping web reinforcement would be most advantageous for a member 
subject to axial tension, vertical stirrups should be better suited for a pre- 
compressed concrete member. 

Another difficult question to answer is what constitutes the most dangerous 
section in shear. Is it the section close to an interior support where both shear 
and bending moment will generally be a maximum, or is it at a point of con- 
traflexure where there may be a high shear but no bending? These questions 
are not answered completely by tests and experience. It seems probable, how- 
ever, that longitudinal tension from shrinkage or temperature deformation 
will make the sections at points of contraflexure the most dangerous in many 
cases. Such longitudinal tension is present in most large continuous struc- 
tures, but to a variable extent. In a section subject to bending and axial 
tension, the tension may tend to open up a crack, but on the other hand, it 
will decrease the compression in the uncracked section. Because of this it is 
possible that the shear-compressive strength may not be affected much by a 
moderate axial tension. The failure of the U. 8. Air Force warehouse frames 
occurred near the points of contraflexure and tests indicated these points to be 
the weakest. The tests reported by Anderson, Elstner, and Hognestad are 
the only ones known by the writer where the test beam was also subject to 
axial tension.'*:'® German tests of restrained reinforced concrete beams were 
mentioned by Balog?® in his discussion of the above paper. However, the 
three German test beams had haunches of a form which cut the unit shearing 
stress at the support to a small fraction of what it was at the point of contra- 
flexure.* The test beams had, in addition, no external longitudinal restraint. 
In view of the above conditions the shear investigations of these beams, in the 
writer’s opinion, form no basis for a general conclusion about what may be 
expected in actual practice. It may also be noted that haunched beams in 
shear may act somewhat differently from ordinary beams of uniform cross 
section. 

We may perhaps assume, until further knowledge is gained, that when some 
longitudinal restraint is present, shearing stresses at points of contraflexure 
are more dangerous than shearing stresses of the same magnitude at any other 
point. It seems probable that shearing stresses of the same magnitude will 
be more dangerous at a point of contraflexure than near the support where 
there are also compressive stresses from bending. If this assumption is correct, 
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we should then cut the allowable shearing stresses at points of contraflexure 
below what is allowed near an interior support. It is fortunate that in most 
cases the shear at points of contraflexure in a uniformly loaded member com- 
plies with such a requirement. In practice it may vary somewhere between 
50 and 70 percent of the shear at the face of support. For a member of uni- 
form cross section, this automatically provides a corresponding reduction in 
diagonal tension. This may not be true for concentrated loading and for non- 
uniform cross sections. The writer thinks that if the maximum allowable 
shearing stress at the face of an internal support does not exceed what is 
allowable for unreinforced concrete, then no special web reinforcement is needed 
at points of contraflexure unless conditions are such that the shearing stress 
at this point exceeds about two-thirds of the allowable shearing stress. If, 
however, the allowable shearing stress at face of support is exceeded, web 
reinforcement for at least two-thirds of the shear at support and for the full 
shear at and somewhat beyond the extreme location of points of contraflexure 
should be provided. For most cases this rule will allow a uniform spacing of 
shear reinforcement from the support to the nearest location of point of contra- 
flexure, and that will simplify both design and placing of shear reinforcement. 
Special precautions should be taken however, when the continuous line of 
beams is long and heavily restrained against longitudinal movement and where 
most of the load is of a permanent nature. The same applies to marginal 
beams and other beams subjected to considerable torsion. 


FLANGE EFFECT 


In the 1956 ACI Building Code, beams subject to T-beam action were ex- 
cluded from the increased shear reinforcement requirements [Section 801(e))}. 
The reason for this exclusion is not clear. No other reinforced concrete code, 
to the writer’s knowledge, gives any special preference in shear to T-beams. 
The contrary view is more often held: that T-beams should always have some 
web reinforcement regardless of shear intensity to tie flange and stem securely 
together. 


It would seem that at a freely supported end with ordinary proportions 
of flange and stem, the flange will have a negligible effect on preventing initial 
diagonal tension cracks in the stem. The effect will also be small in resisting 
widening of the cracks because this will depend mostly on the horizontal and 
vertical reinforcement. It is reasonable to assume that the flange will have 
some effect on the ultimate load capacity because of some increased resistance 
in combined shear and compression. For beams with relatively thin flanges 
the beneficial effect might be quite small. It is clear that when comparing 
T-beams with a rectangular beam of the same total depth, the actual lever 
arm of internal stress resultants must be used. 


It is rather difficult to find if a flange of any proportion will be of any ben- 
efit at a point of contraflexure. The initial shrinkage stress would certainly 
be as large in the flange as in the beam itself and possibly larger because of 
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less reinforcement resisting shrinkage shortening. It is even possible that the 
adjacent slabs forming the flanges might crack before the stem due to shrink- 
age stresses if the system is heavily restrained from contraction. Taking the 
above into consideration, tests of isolated flanged beams might not give re- 
sults properly applicable to a more complete structural system. Considering 
also the large variation in flange proportions, the flange effect becomes so un- 
certain and variable that it seems safest to disregard it and to use the same 
rule for shear reinforcement as for rectangular beams. In the case of marginal 
beams subject to torsion, an assumed benefit from T-beam action appears to 
be especially unjustified. 

On the portion of beam with negative bending moment and with a top 
flange, there can, of course, be no question about T-beam action. The flange 
must crack if the tension reinforcement gets into action, in which case the 
beam will act as a rectangular section in both bending and shear. 

The writer is aware that test results of two T-beams' show some advan- 
tage of T-beams over rectangular beams with vertical stirrups (but no ad- 
vantage where the web reinforcement of the same strength was placed on a 
slope). These two laboratory tests with isolated T-beams having no special 
longitudinal restraint certainly do not seem to form a sound basis for ex- 
cepting T-beams of all forms and any flange to stem proportion from the 
general requirements of shear reinforcing in beams. 

Some European codes require a minimum of web reinforcement along the 
complete length of both rectangular beams and T-beams. Stirrups are mostly 
used for that purpose. How effective and necessary stirrups are as shear 
reinforcement near the center of a beam with nearly vertical tension cracks 
may be questionable. However, they help to form a rigid skeleton and will 
act as ties for the top bars in a rectangular section. At the sections with 
negative bending moments, stirrups will also be useful as ties for the rein- 
forcement in compression. Whether or not compression reinforcement is the- 
oretically required, we may be sure that the influences of shrinkage and creep 
will generally induce considerable compression into the bottom bars. The 
writer makes it a rule to use stirrups for the complete length of any beam of 
ordinary size and importance. 


SHEAR CONDITIONS WHERE BOTH BENDING AND SHEAR ARE MAXIMUM 


This condition is encountered near an interior support of a continuous beam 
uniformly loaded, but may also be found at any other place on beams with 
concentrated loads. The direction of cracks at such places will be much steeper 
than 45 deg, and it is not certain that cracks will be crossed by an ordinary 
vertical stirrup. In spite of this obvious fact, it has so far been customary 
to design web reinforcement for shear only and to disregard the influence of 
bending stresses on crack direction. The writer has some doubt if uniform 
safety is obtained by means of such simplification. Is it not likely that we 
must rely entirely on the shearing resistance of the uncracked concrete section, 
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Fig. 3—Cracked beam with none of the cracks crossed by shear reinforcement 


with a little help from dowel action, to carry the complete shear if web rein- 
forcement does not cross a crack? 

Fig. 3 shows a portion of a beam where there are two cracks with relatively 
slight slopes at a distance apart of z, none of them crossed by shear rein- 
forcement. The shearing force acting on the cantilever in Fig. 3a is evidently 
AT. The shear will then be 1.5(A7'/bz) in which AT will depend on the depth 
of beam and the bending moment while the distance z will be chiefly a function 
of the bonding resistance. 


If we now consider what takes place at one of the cracks, we find an en- 
tirely different condition. The tension in the main reinforcing bar will be 
the same at each face of the crack. No horizontal shear is transferred across 
the crack by the steel and none by the concrete itself across the crack. No 
vertical shear can be transferred by the concrete from one side of the crack 
to the other side, but there may be some shear transferred by dowel action 
of the main reinforcement. It is likely, however, that most of the shear and 
all compression from bending must be carried by the remaining uncracked 
concrete section above the neutral axis and the true principal stresses, where 
they have to flow past a crack, will be rather complicated. 


It is easily seen that the ordinary formula for shearing stresses will not, 
in this case, give a true picture of stress conditions and its value, even for 
comparison, may not be too good. More investigations and tests of such 
problems are needed. 


ANCHORAGE 


The general acceptance of the improved type of deformed reinforcing bar 
has made possible a considerable increase in allowable bond stress. However, 
the increased bond stress will also increase the tendency of splitting. Allow- 
able bond stresses have been determined on the basis of pull-out tests where 
the concrete specimens were so large that splitting was not too critical a factor. 
There can be little doubt that where splitting is prevented, the bond stresses 
allowed by the codes are safe. However, reinforcing steel is placed in most 
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cases near the surface of a concrete member and we cannot, therefore, always 
expect to have a condition where it is safe to utilize the full allowable bond 
stress without using some other means such as stirrups to strengthen the sec- 
tion. Just as in the case of shear it should be mandatory that a beam, when 
loaded to its ultimate capacity, should not fail in bond or anchorage. 

The ordinary theory used for calculating bond stresses assumes two trans- 
verse sections one unit length apart. The bond stress will then be propor- 
tional to the difference in bar tension at the two sections. This assumption 
does not hold in practice because cracks at critical points for bond and shear 
are not generally formed in a 90 deg direction to the neutral axis. It should 
also be understood that transverse stirrups can only take the vertical com- 
ponent of the shearing stress. The horizontal component, as has been men- 
tioned earlier, must be taken by the horizontal reinforcing steel and will add 
to the tension in this steel over and above what is caused by bending alone. 
This fact has generally been overlooked and little attempt has been made to 
evaluate the additional tension in the main reinforcement. An analysis of a 
particular case was published by Rausch, and discussed by other German 
engineers.?!_ Rausch’s solution is based on a crack forming at a 45-deg angle 
and that the complete vertical shear is taken by the stirrups.* However, 
cracks do not always form at 45 deg and American codes allow some part of 
the shear to be taken by the uncracked concrete. A more general theory, 
of which the Rausch formula is only a special case, has been worked out and 
published.?® 


In Fig. 4 assume a crack at an arbitrary angle. S is an arbitrary proportion 
of shear taken by the stirrups, while the rest is taken by the uncracked con- 
crete in the compression zone at O. Let us disregard the weight of the beam 
end itself, although it would not be difficult to include this in the analysis. 


With moment about O, we have: 


s 
R(b+2) —Tz —- > 70 


ae 1 ae ee 
ele +—<-=> 


z 2z 


M R S 
from which T = — + —— 
z 2 2z 


For x = 0, that is, the crack being vertical, the two last terms of the equa- 
tion disappear and: 


T= 
Zz 


which is in accordance with the accepted bending moment theory. There 
will be no excess bar tension for that case. 
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For z = z and S = R, that is, the crack being at 45 deg and the complete 
shear taken by the stirrups, we have: 


M. 


T=—+R- 
74 


which is the Rausch formula. 


If all the shear is taken by the concrete at O, that is, there are no stirrups, 
and we assume the crack at 45 deg or x = z, then: 


M 
T=-=—+R 
z 


It is seen that without stirrups the excess bar tension is twice that given by 
the Rausch formula. 

If x is greater than z, which may well happen if the top of a secondary 
crack joins the primary crack, and there are no stirrups, it follows 
that the excess stress may become much greater than the magnitude of shear 
R. The formula can, of course, also be easily solved for any assumed pro- 
portion of shear taken by stirrups. 


If we have no stirrups, it is evident from simple statics that the tension 
T = M./z will be constant regardless of what the downward slope from point 
0 is. If the slope becomes flatter, the difference between the stress in the 
bar at the crack, and just to the left of the crack, will become increasingly 
greater. 

The apparent increase in bar tension where no stirrups are used, or only a 
part of the shear taken by stirrups, would indicate that it is desirable to use 
an ample amount of shear reinforcement. 

It is rather disturbing that the above deduction more or less plays havoc 
with the accepted theory of bond stress as given in the textbooks on rein- 
forced concrete. Instead of a differential stress corresponding to the differ- 
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ence in moment tension at two points a unit length apart, we may have a 
unit differential stress near a crack corresponding to sections as far apart as 
the depth of the beam itself and even more. 

Another conclusion which may be drawn from the analysis, is that caution 
should be used not to cut bars too short when stopping them beyond a point 
of assumed zero bending moment. It is quite possible that the bars may carry 
much more stress near their terminal ends than has hitherto been assumed. 

In the case of a rectangular beam, there should be continuous longitudinal 
reinforcement on top along the complete length of the beam and splices in 
such reinforcement should have a sufficient overlap to develop the complete 
strength of a bar. A rectangular beam should be secured by reinforcement 
on the compression side against lateral forces even if such forces are not sub- 
ject to calculation. It is almost as illogical to leave a rectangular beam un- 
reinforced on the compression side as to eliminate reinforcement in a column 
when the concrete itself does not need any help from steel to carry the load. 

When a crack has formed, it is clear that bond stresses near the crack on 
both sides of it will be much higher than obtained fron the usual formula 
This high bond stress together with dowel action will frequently cause for- 
mation of a secondary crack which may join the original crack higher up on 
the beam. This may result in practically a loose piece of concrete being formed. 
If this should happen, the distance x in Fig. 4 will again increase with a cor- 
responding increase in bar tension. 


CONCLUSION 


In this discussion of some of the many problems in shear, the writer is aware 
that some of his views may be controversial and should receive more inves- 
tigation. It is hoped that this paper will further the interest in shear problems 
so that a concerted effort may be made to investigate and solve that which 
is still unclear. In the meantime, the writer would advise a designer not to 
skimp on web reinforcement, especially on long strings of continuous beams 
where considerable resistance to longitudinal contraction should be expected. 
The more important a structure is and the longer the span or the larger the 
cross section, the more conservative the design of web reinforcement should 
be. The money to be saved by skimping on such reinforcement is seldom 
worth the time required to make an elaborate analysis based on uncertain 
load and stress conditions. 
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TRAIN 


in beams having diagonal cracks 


By D. Watstein and R. G. Mathey 


SEVERAL REINFORCED CONCRETE BEAMS were tested to determine the validity of the 
usual assumptions that longitudinal reinforcement does not transfer vertical shear across a 
diagonal tension crack and that the maximum compressive strain within the shear span is 
developed at the extreme fiber. Extensive strain measurements in the steel and the con- 
crete indicated that a plane section did not remain plane following development of a 
diagonal crack and that the maximum compressive strains in the concrete occurred some 
distance below the extreme fiber. The longitudinal reinforcement was found to carry con- 
siderable vertical shear across a crack, but this force decreased rapidly as the load ap- 
proached the maximum. 


In ANALYSES OF DATA on shear strengths of reinforced concrete 
beams it is commonly assumed that tension reinforcement does not transfer 
vertical shear across a diagona! tension crack and that the maximum strain 
in the concrete at the critical section of the shear span occurs at the outer- 
most fiber. It is also usually assumed that the maximum value of this strain 
in the shear span of a beam failing in shear is of the same order of magnitude 
as the maximum strain in a flexural failure. 

Several reinforced concrete beams designed to fail in shear were tested 
at the National Bureau of Standards in order to investigate the validity of 
these assumptions. The instrumentation used in this investigation was de- 
signed to determine the distribution of strain within the shear span and the 
magnitude of the vertical shear carried by the longitudinal reinforcement 
across a diagonal tension crack. 


TEST PROGRAM AND SPECIMENS 


The nine beam specimens used in this study were designed and instru- 
mented to yield information on the distribution of strain in both concrete and 
steel during the progressive formation of diagonal tension cracks and to 
furnish the means of computing the shear carried by the longitudinal rein- 
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forcement across these cracks. In addition to extensive strain measure- 
ments in both the steel and concrete, it was also necessary to plot the patterns 
of the diagonal tension cracks to compute the vertical shear transferred by the 
longitudinal reinforcement. 

The beam specimens are described in Table 1. Two types of beams were 
used in this investigation. One of these was Beam A-15 illustrated in the top 
of Fig. 1. Beam A-15, whose cross section was 6 x 15 in., had a 9-ft span and 
was loaded at quarter points. The large number of strain gages placed on the 
concrete in the shear span of this beam permitted the determination of strains 
both above and below the major diagonal tension cracks. The second beam 
typical of those representing Beams B-18 through E-18 is shown in the bottom 
of Fig. 1. These beams had a cross section 8 x 18 in., a span of 6 ft, and they 
were loaded at third points. The reactions and applied loads were distributed 
through steel bearing plates 31% in. wide and 1 in. thick, which extended over 
the entire width of the beams. 


_TABLE 1—DESCRIPTION OF TEST BEAMS AND RESULTS OF STRENGTH TESTS 





| 
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————_— | ———__ | ——_| Compres- | Modulus* | Com- 
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tion and size| force- | strength, of concrete! concrete 1 moment, steel | failure 
| of bars | ment, | psi | fe’, psi | Ee, psi in.-lb | stress, psi 
| percent | | | 
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*E-. is the value given by slope of secant drawn through point corresponding to stress 4 f-’. 
tThe steel stresses were computed by formulae based on the straight line theory. 
Nore: Beam A-15 was 6x 15 in. in cross section, had a span of 9 ft, and was loaded at quarter points. 
; B-18 through E-18 were 8 x 18 in. in cross section, had a span of 6 ft, and were loaded at third 
points. 
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All gages placed on the concrete and the reinforcing bars were bonded wire 
resistance strain gages. Gages were placed on both sides of the concrete 
beams in order to obtain the average values of strain in the concrete. Bonded 
wire gages, suitably waterproofed, were also placed in pairs on the reinforcing 


bars. 

Note in Fig. 1 that Beam A-15 had an overhang of 12 in. and the other 
beams had an overhang of 18 in. This long overhang was provided instead of 
the usual short overhang needed for suitable anchorage since it was observed 
in previous tests that beams with short overhang gave more erratic results. 
Materials 

Beam A-15 was made with Type III cement and was tested at the age of 8 
days. All the other beams were made with Type I cement and were tested at 
28 days. The proportions of the concrete in Beam A-15 were 1:3.2:4.4, 
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Fig. 1—Details of beams, testing arrangement, and location of strain gages. Gages on 
concrete and steel are represented by dashes and crosses, respectively 
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Fig. 2—Location of gages (by number) on opposite faces of Beam A-15 in relation to 
principal diagonal tension cracks. Circled numbers indicate load in thousands of 
pounds at which the extent of the cracks was observed 


while for the other beams the proportions were 1:3.2:4.1, by weight; the 
maximum size of the aggregate was 1 in. All beams were cast in steel forms 
and the concrete was consolidated in the forms by means of an internal vi- 
brator. The beams were moist cured in a fog room and were moved from the 
fog room to the laboratory 2 days before testing. The compressive strength 
of the concrete was determined with three 6 x 12-in. cylinders for each beam 
tested and the results of the compressive strength tests are given in Table 1. 

All beams were reinforced with deformed reinforcing bars which met the 
requirements of ASTM A 305-53T for deformations. Adequate anchorage 
was provided by both embedment in the overhanging portion of the beam 
and anchorage plates welded to the end of the bars as shown in Fig. 1. 


TEST RESULTS 


Strain distribution in concrete within the shear span 

Beam A-15 which was loaded at quarter points carried a maximum load of 
60,000 Ib. Although this beam failed by yielding of reinforcement accom- 
panied by compressive failure of concrete, the diagonal tension cracks prog- 
ressed sufficiently far into the compression zone of the beam to produce a 
strain distribution similar to that observed in Beams B-18 through E-18 
which failed in shear. 

The locations of the strain gages on the concrete as well as the strain gages 
attached to the reinforcing bars are shown in Fig. 1; the location of the gages 
on concrete in relation to the pattern of cracks within the shear span of the 
beam is shown in Fig. 2. 

The distribution of compressive strain in the concrete at one end of the 
beam is shown in Fig. 3. The strain was measured as Sections I, II, and III 
of the shear span at distances of 9, 13.75 and 18.5 in., respectively, from the 
support. Gages were placed on both sides of the beam and the strains shown 
in all the graphs are the average values. At Section I the strain measured 
at the compressive face (y = 0) increased with load up to about 20,000 lb, at 
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STRAIN IN CONCRETE COMPRESSIVE 


Fig. 5—Variation of strain in concrete with load in Beams D-18-1 and D-18-2 


which load the principal diagonal tension cracks extended well above the 
level of reinforcement. From this point on, the compressive strain at the com- 
pressive face began to decrease and finally became a small tensile strain. The 
strain at the compressive face of Section III also followed this pattern. How- 
ever, the strain ceased to increase with the load at about 30,000 lb but the 
strain remained compressive and approached zero as the load approached the 
maximum. The strain in the compression face at Section II was not observed. 

At all three sections, the maximum compressive strain determined was at 
points some distance below the compressive face. At Sections I and II, this 
distance was 6 in. and at Section III the maximum strain determined was at a 
distance of 3 in. below the compressive face of the beam or about 1.5 in. 
above the nearest diagonal tension crack. It is noted that at Section I the 
compressive strains were greater at distances of 6 and 9 in. from the top of 
the beam than at the compressive face and at a distance 3 in. below it during 
the greater part of the load range. 

Two of the curves for Section III in Fig. 3 are given for strains at points 
situated below the upper diagonal tension crack. The strain at these two 
points indicated that the portion of the concrete between the two major 
diagonal cracks resisted compression up to the maximum load at which 
measurements were made. 

The distribution of compressive strain at Sections I and III is shown in 
Fig. 4. The strain distribution was essentially linear up to a load of about 
20,000 lb. The diagonal tension cracks extended well above the midplane of 
the beam in the load range of 20,000 to 25,000 lb. The redistribution of com- 
pressive strain occurring at Sections I and III within this load range coincided 
with the sharply increased steel strain observed at Section I. After the 
diagonal tension cracks extended well up into the compressive zone of the 
beam at loads of about 35,000 to 40,000 lb, the location of the maximum 
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value of compressive strain shifted downward. At Section I the peak value of 
compressive strain occurred at about the midplane of the beam, while at 
Section III the maximum strain occurred at a point 3 in. below the com- 
pressive face and about 1.5 in. above the diagonal tension crack. The data 
in Fig. 4 show that concrete below the principal diagonal tension crack re- 
sisted compression up to the maximum load at which observations were made. 


The variation of strain in the concrete with load is shown for two beams 
of the second type (Beams D-18-1 and D-18-2) in Fig. 5. The variation of 
strain in the concrete with load shown in Fig. 5 was typical of all beams in 
which concrete strain was measured (Beams B-18 through E-18). These 
beams contained varying amounts of reinforcement ranging from 0.75 to 
3.05 percent and were tested in duplicate. All the beams of this type failed 
by shear at steel stresses ranging from 32,000 to 88,000 psi. The maximum 
steel stresses computed by the straight line theory are given in Table 1. 

The location of the strain gages on the concrete is shown in Fig. 5 for easy 
reference. It will be noted that the strains recorded by Gages A and B are 
nearly the same until a diagonal tension crack forms. After the formation 
of a crack, the strain determined with Gage B continued to increase at a re- 


140x10 


Ib 


—o— STRAIN AT A SECTION 3 IN, 
FROM SUPPORT 


—*— STRAIN AT MIDSPAN 
we ae 








APPLIED LOAD, 


oo 


0.001 


ee eee ee ee | kg 2 og fg gf 





STRAIN IN STEEL 


Fig. 6—Strain in steel at a section 3 in. from the support and at midspan in Beams B-18 
through E-18 
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duced rate or remained substantially 
constant following a sharp break in 





the load-strain curve. These alternate 
actions were displayed by the per- 
formance of Beams B-18-1 and B-18- 











2. In the case of beams D-18-1 and 
D-18-2 the strain at B decreased 
rapidly following a load range at 











which the strain was fairly constant; 
in one of these beams the strain ap- 
proached zero while in the companion 
beam the strain indicated a slight ten- 
sion. Gages E which were 3 in. below 
Gages B exhibited consistent behavior. 
The compressive strain at E increased 











Fig. 7—Free body diagram of a beam ‘ ; : : 

following formation of a diagonal tension with applied load up to its maximum 

crack except for a slight irregularity at the 

load at which diagonal tension cracks 

extended into the compressive zone and approached Gage B. The strain gages 

at C and D locations indicated with one exception either a fairly constant 

compressive strain following the formation of a diagonal tension crack, or a 

compressive strain which decreased and became tensile near the maximum 
load. 


Strain in the reinforcement within the shear span 


Bonded wire strain gages were placed at various sections of the beam speci- 
mens as shown in Fig. 1. The variation of the strains in the steel with load at 
selected sections within the shear spans and at midspan is shown in Fig. 6. 


It can be seen in this graph that the strain in the reinforcement near the 
support was quite small until the diagonal tension crack extended into the 
compressive zone of the beam. After the crack formed, the strain increased 
rapidly and in general approached the value of strain measured at the center 
of the span. 


Shear transfer by longitudinal reinforcement 


By measuring the stress in the longitudinal reinforcement at a section near 
the point of intersection of the reinforcement and the diagonal tension crack, 
it is possible to estimate the vertical shear transferred by the reinforcement 
across the crack by dowel action. The shear was computed by considering 
the equilibrium of forces acting on the portion of the beam illustrated in Fig. 7 
as a free body. 

It was assumed that the compressive force C is applied at the midpoint 
of the depth of the compressive zone (Point O) and that the tensile force T at 
O’ is that determined with the strain gages which may be some distance from 
O’. The assumption regarding the value of 7 is tantamount to an assumption 
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that the bond stress between the gage and the crack is negligible. Taking 
moments about O yields 
ee Ve—-Ty 
z 
where the values of c, z, and y are determined from the plot of the crack 
pattern. 

It is obvious that in order for the free body diagram to be valid, the crack 
must cross Section a-a, Fig. 7. Section a-a was chosen as shown in order to 
minimize the uncertainty in the assumed position of the compressive force 
Gs 

The relationship between the shear transferred by dowel action and the 
total shear in the beam is illustrated in Fig. 8 for all beams in this study for 
which the crack pattern and data on strain in steel were available. In all 
cases the transferred shear developed its maximum value at the load for 
which the diagonal tension crack first approached the section at the applied 
load. Beyond this load, the transferred shear decreased rapidly. In general, 
the initial value of transferred shear was greater for beams containing larger 
diameter bars and larger percentages of reinforcement. The ratio of the 
maximum transferred shear to the total shear in the beams ranged from 0.38 
to 0.74 at loads ranging from 0.42 to 0.46 of the maximum. 


Bending within the shear span following 
formation of diagonal tension crack 

The measurement of strain distribution in the ‘‘compressive’’ zone of the 
concrete indicated that following formation of a diagonal tension crack the 
beam no longer acts as a structural member in which a plane section remains 
plane. The fact that the strain at the compressive face of the beam dimin- 
ished with increasing load and at times even became a tensile strain suggested 
that the compressive face of the beam must reverse its curvature and become 
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Fig. 8—Shear transferred by 
longitudinal reinforcement. 
The shear transferred by the 
tensile reinforcement across a 
diagonal crack in a beam was 
estimated by means of the 
equation 
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. Fig. 9—Schematic drawing 
showing measurement of dis- 

® © le | placements of the tensile and 
+ ral compressive faces of beam 

within the shear span with 
respect to frame of reference 
supported at Sections A and 
ee B. Numbered circles indicate 

micrometer dial gages 
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concave toward the midplane of the beam during the stage of the test corre- 
sponding to propagation of the diagonal tension cracks into the compressive 
zone. In order to check this hypothesis, measurements were made to de- 
termine the displacements of the tensile and compressive faces of the beam 
with respect to a plane of reference indicated in Fig. 9. The results of the 
measurements are shown in Fig. 10 for two typical beams. It is obvious that 
the portion of the beam above the diagonal tension crack becomes subject to 
bending in a manner which causes it to have a curved surface concave toward 
the midplane of the beam. This occurs abruptly at the load which causes the 
diagonal tension crack to extend up into the compressive zone of the concrete. 
Comparison of the load-strain curves in Fig. 6 and the load-displacement 
curves in Fig. 10 shows that the abrupt change in the profiles of the com- 
pressive and tensile faces of the beams corresponds to the sharp increase in 
the stress in the reinforcing bars at the section 3 in. from the support. 


SUMMARY OF RESULTS 


The results showed that the beams containing no web reinforcement under- 
go an abrupt change in the deformations and stresses following the formation 
of a diagonal tension crack. It is noted that the test specimens in this study 
had ratios of longitudinal reinforcement ranging from 0.75 to 3.05 percent 
and that the ratios of the shear span to depth of beam were small (2.06 for 
Beam A-15 and 1.51 for the other beams). While this ratio of shear span to 
depth is smaller than that normally used in shear tests, it was selected in the 
belief that the phenomenon of redistribution of stress and deformation could 
be thus more clearly demonstrated. The following phenomena were observed 
in the shear spans of beam specimens at loads exceeding those causing major 
diagonal cracks: 


1. A plane section remained plane until the formation of a diagonal crack. 
Beyond this point, the maximum compressive strain occurred at points some 
distance below the compressive face and, in general, the strain at the ex- 
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treme fiber of the compressive zone began to decrease and finally became a 
small tensile strain. 

The concrete below the diagonal cracks continued to resist appreciablk 
compressive stresses up to the maximum load at which measurements were 
made. 

2. The strain in the reinforcement near the support increased abruptly 
following formation of a diagonal crack and approached in value the strain at 
midspan of the beam. 

3. Following the complete development of a diagonal tension crack it is 
possible to determine the magnitude of vertical shear transferred by the 
longitudinal reinforcement across the crack from the measured strain in the 
reinforcement and the crack pattern in the shear span. The vertical shear 
transferred by the reinforcement ranged from 0.38 to 0.74 of the total shear 
at loads ranging from 0.42 to 0.46 of the maximum. The value of the trans- 
ferred shear decreased continuously with load as the crack extended past the 
load point. 

4. Following formation of a diagonal crack, the upper portion of the beam 
within the shear span became subject to bending which caused it to develop a 
curved surface concave toward the midplane. The abrupt change in the pro- 
file of the compressive face of the beam corresponds to the sharp increase in 
the strain in the reinforcement near the support. 
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Title No. 55-47 should be of great value in the de- 
sign of concrete strip footings. A set of influence lines 
is presented for pressure distribution under a finite 
beam on elastic foundation. Values of the dimension- 
less parameter have been selected to cover most of the 
practical cases. Experiment indicates that influence 
lines for a parameter of 0.0001 may be used for in- 
finitely stiff footings. 


Influence Lines for Pressure 
Distribution Under a Finite 
Beam on Elastic Foundation 


By K. C. Ray 


Tus PROBLEM has been solved by different authorities in different 
ways; e.g., Heteyni attempted to solve it analytically. But his solution is not 
readily usable by structural designers, since it involves working out a long 
expression with hyperbolic functions. His solution is for a single concen- 
trated load which is seldom encountered in practice on a long beam. Although 
it can be extended to several loads the calculations involved makes the solu- 
tion absolutely discouraging to a practical designer. However, Baker’s 
approach to solution of such a beam is more rational with respect to design 
offices. His method of successive considerations is unique, but the last lap 
of assumption where subgrade modulus is introduced to calculate deflections 
of the beam may lead to considerable inconsistencies in results. In this paper 
an attempt has been made to solve the problem completely and present a set 
of ready made tables for drawing office use. 


DEVELOPMENT OF TABLES 


Fundamental formula for flexure of the beam AB resting on elastic foun- 
dation subjected to a load P (Fig. 1) is given by the differential equation 
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4 = ¢ _ w Sta asda : ; ) 
a” * : 


Received by the Institute Mar. 25, 1958. Title No. 55-47 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 30, No. 6, Dec. 1958 (Proceedings V. 55). Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1959. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 


729 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1958 


: 





ze 


w 
Fig. 1—Beam resting on elastic foundation under action of load 
where 
E Young’s modulus of the material of the beam 
I moment of inertia of the beam 
load intensity on the beam acting downward 
= subgrade modulus, expressed as intensity per linear unit of deflection of soil or beam 
(beam remains in contact with soil) 
= deflection of the beam 
= breadth of the beam 


Value of qg in above expression is zero at all points excepting the position 
where P acts as a concentrated load. 

The expression Kw represents a state of dense liquid subgrade which is 
rational and has been accepted by most authorities; Westergaard* also ac- 
cepted this in his notable paper on 
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deflections at all points for each position of load. The beam is divided 
into 20 parts, hence 20 X 20 X 3 = 1200 values for above expressions need 
to be calculated (3 is taken as representing bending moment, shear, and de- 
flection). If however it is decided to work out ten standard sizes of beam, 
the above number would mount up to 1200 x 10 = 12,000 times. The 
enormity of the problem can well be realized by simply looking at the ex- 
pressions. 


,* 


*Westergaard, H. M., ‘Stresses in Concrete Pavements Computed by Theoretical Analysis,"’ Public Roads, V. 7, 
No. 2, 1926, pp. 25-35. 
tHeteyni, M., Beams on Elastic Foundation, University of Michigan Press, Ann Arbor, 1946, pp. 54-55. 
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Fig. 2—Beam divided into 20 equal parts 


On the other hand however, if a numerical solution is achieved, this will 
lead to much quicker results, but with a slight degree of approximation. This 


approximation would be negligible in view of all the uncertainties of the 


problem and assumptions. Considering above facts, this numerical solution 
of the problem has been attempted and presented here. 


Referring back to the differential equation (1) for flexure, difference equation 
corresponding to above differential equation is 


l Kb Gn b 
—f wWi42 — 4 Wn4: + 60, — 40,-) + Wr-2 | + — vw, = 
5 El El 


Kb & dn b 6 
Dn 6 + —_ _ } Ww, 1 WwW, . — 
El El 


S, 54 
El 
Pé 


EI 


where S, = load per unit length of the beam at the point considered. 


A point load P may be assumed to distribute over the finite interval 4, 
which means S, = P/é, or in the final form the equation can be written as 
above. 

Eq. (2) can now be applied to a finite beam having a practical value for the 
interval 6. Accordingly the beam has been divided into 20 equal parts as 
shown in Fig. 2 and Eq. (2) has been applied to satisfy all the sections. It 
may be observed that for the end sections (Sections 1 and 22), as per differ- 
ence equations it was necessary to solve for deflections for two imaginary in- 
tervals (e.g. — 1 and —2 and —20 and —21). This introduced 24 unknowns 
in the problem for a single load position. Applying the equations over 20 
divisions, 20 simultaneous equations were obtained, insufficient to solve for 24 
unknowns. However, four other equations were obtained from the two 
boundaries, where bending moment and shear forces are zero. 
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The difference equations for the boundaries where bending moment and 
shear force are zero are expressed as 


| 

: W, — We — Ws + wy, _, dw} 

Bending moment = ae 
2 & dx? }1,—1 


' 
’ . WwW, —3 we +3 ws — Ws aw! 
Shear force = = EI] —| 

6% d,* |, 


Thus Eq. (2), (3), and (4) offer a complete solution of the problem. But the 
coefficient of w, contains a term Kbé*/EI which describes the entire property 
of foundation and the beam. If however values for this can be selected to 
cover the practical ranges, the solution may form a standard for the practical 
designer. This has been done. Actually cases with values for Kbé*/EI such 
as 0.001, 0.01, 0.1, 0.2, 0.4 were worked out in detail, and the rest shown in the 
tables were arrived at by linear interpolation with subsequent graphical cor- 
rections. 


INFLUENCE LINE TABLES 


Tables 1-11 indicate the influence line for deflections of a finite beam on 
elastic foundation. The parameter Kbé‘/EJ = m is dimensionless. The 
pressure influence line ordinates are found by multiplying the deflection 
ordinates by K, the subgrade modulus. Confusion may arise for values of 
negative deflection, which indicate that the beam is lifted from the subgrade. 
This will actually occur in case of heavy loading at scattered individual points 
on a long beam. In such a case the effective length while calculating the param- 
eter m should be readjusted to the length in contact to solve the problem 
afresh. However in actual practice such a situation is seldom encountered. An 
example below illustrates the use of the tables. 

Influence line tables for shear force and bending moment have also been 
worked out, and were published in the Journal of the Institute of Engineers 
(India), V. 38, No. 2, Part I, October 1957.* 


Example 

A reinforced concrete foundation beam of dimensions shown in Fig. 3 is subjected to the 
loading indicated therein. Find the pressure distribution under the beam, also bending mo- 
ment and shear diagrams. Neglect the dead weight of the beam. K = 100 lb per cu in. and 
E = 3 X 10° psi. 

To determine the value of the parameter m, full concrete section without reinforcement is 
considered only. However the section with a selected percentage of steel may also be cal- 
culated. For simplicity of calculation the former consideration is made here. 


4? X 1 + 1? (2.5 — 1.0) 


y= = 1.6 ft 


2(2.5 X 1+ 1 X 3) 


Text continued on p. 789 

*Copies of these tables, 11 for bending moment and 11 for shear, are available in complete sets only at $4.50 per 

set to cover the cost of reproduction. Address orders to ACI Publications Department, P. O. Box 4754, Redford 
Station, Detroit 19, Mich. 
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TABULATED VALUES FOR INFLUENCE LINES FOR PRESSURE 


| = moment of inertia of beam 

E = Young's modulus of material of beam 
K = subgrade modulus 

b = breadth of beam in contact with soil 
L = length of beam 


Pressure = ordinate X K X load X (L/20)* x 1/El 
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_ TABLE 2—INFLUENCE LINES FOR PRESSURE, SECTION 2 _ 
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_TABLE 3—INFLUENCE LINES FOR PRESSURE, 


_ For value of m 
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TABLE 4—INFLUENCE LINES FOR PRESSURE, SECTION 4 
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_ TABLE 4 (cont.)\—INFLUENCE LINES FOR PRESSURE, SECTION 4 
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TABLE 5—INFLUENCE LINES FOR PRESSURE, 
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TABLE 7—INFLUENCE LINES FOR PRESSURE, SECTION 7 
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TABLE 9—INFLUENCE LINES FOR PRESSURE, SECTION 9 


For value of m 
Point de 


“0 0001 0.001 


0 | 


0.005 0.01 0.05 


43.7192) 20.7070 
45. 
50. 
54. 
59 . 07: 
63. 
66 . 52% 
69.2 
70. 
70. 
68. 
67. 
65.2 


49. 
51. 


4722 


"8318 
‘2116 


Lo SC WNA CB Oto 
AANA om Otome 
aS Me 


—— 


0. et 





INFLUENCE LINES FOR PRESSURE DISTRIBUTION 


__TABLE 9 (cont.}—INFLUENCE LINES FOR PRESSURE, SECTION 9 
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__TABLE 10—INFLUENCE LINES FOR PRESSURE, 
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Fig. 3—Dimensions and loading of beam used in example 
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Fig. 4—Pressure diagram worked out in the example 





INFLUENCE LINES FOR PRESSURE DISTRIBUTION 


Continued from p. 732 


2.43 + 2.5 X 1.67 — 1.5 X 0.6" 
- : se ieee wi SER OF 


= 0.01 


Kb (L\ 100 X 30 X 36" 
- ~ 3X 10° X 7.82 x 125 


EI \20 


Points 1 and 21, 3 and 19, 5 and 17, 7 and 15, 8 and 14 have identical influence lines; point 
11 is the center line of the beam. Pressures at all these points are calculated and plotted 
(Fig. 4). Points 2, 4, ete. have been omitted from investigation to avoid bulk in calculations. 

Load points and standard sections are shown in Fig. 3 and 4. It may be seen that load 
points have been so chosen so as to coincide with any of the standard sections. This has been 
done for the sake of convenience. For other load positions the values of ordinates under load 
may easily be interpolated from the tables. But it is desirable to arrive at the former situa- 
tion by selecting the length of the beam. The sections are chosen as 1/20th of the length of 
the beam so that this can be very easily accomplished. Results for shear and moment are 
plotted in Fig. 5 and 6. 








Fig. 5—Bending moment diagram 
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Fig. 6—Shear diagram 


CONCLUSION 


The influence line method is very handy and is specially useful in working 
out dynamic load effects. An experimental analysis was done by photoelastic 
method with a single load on a prepared subgrade. Values of deflection 
checked admirably with those provided in the paper. The experimental beam 
and subgrade were of such dimensions as to give a value of m = 0.00005, 
which may be considered as approaching an infinitely stiff beam. The values 
of deflection for this value of m were compared with those for m = 0.0001 in 
the tables and the results checked within two decimal places. This proved 
that below a certain critical value of m which can be taken as 0.001 the results 
become asymptotic. Values of influence lines for m = 0.0001 may be used for 
infinitely stiff footings. Some very heavy foundations have been designed 
on this principle recently and are considered to be behaving admirably. Great 
economy in sections was obtained in this method over the conventional methods 
of design. 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Bridges 


|-shaped beams of reinforced concrete 
in bridges (Les poutres profilées en 
béton armé dans les ponts) 
Epear Gitpert, L'Ingénieur (Montreal), V. 43, No. 
171, Autumn 1957, pp. 13-19 
Reviewed by Aron L. Mirsky 
A broad study of the design of concrete 
highway bridges with I-shaped girders, cov- 
ering such practical elements as creep, shear 
and bond, placing sequences, etc. 


Widening of the Montagnac Bridge 
over the Herault (Elargissement du 
Pont de Montagnac sur I’Héraulft) 
4. Besompes-VAILne, Annales des Ponts et Chaussées 
(Paris), V. 127, No. 5, Sept.-Oct. 1957, pp. 617-628 
Reviewed by Aron L. Mirsky 
Seventeenth century stone arch structure 
on French National Highway 113 was wid- 
ened by removing old superstructure and con- 
structing reinforced concrete deck, cantilever- 
ing out on either side of the old arches. Archi- 
tectural as well as engineering problems were 
surmounted by this solution, which with nec- 
essary variations may be used for other proj- 
ects of this type. 


Langstone Bridge, Hampshire 
Joun W. Mevrose and Waurer A. Eyre, Proceedings, 
Institution of Civil Engineers (London), V. 8 (Session 
1956-57), Oct. 1957, pp. 141-160 
Reviewed by Aron L. Mirsky 

Design of bridge, one of few toll bridges of 
any importance remaining in the United 
Kingdom, was governed by statutory require- 
ments and need for rapid construction. Aes- 
thetics and economy were also factors in 
selection of simple 29-span structure of rein- 
forced-concrete pile bents supporting a pre- 
stressed concrete deck formed of precast 


beams transversely stressed together after 
placing. Casting yard was located at the site. 

Discussion is printed in issue of April 1958, 
pp. 514-540. 


Construction 


Design and construction of a dry dock 
at South Shields for Messrs. Brigham 
and Cowan, Ltd. 
Perer F. Storr and Lanes M. Ramaae, Proceedings, 
Institution of Civil Engineers (London), V. 8 (Session 
1956-57), Oct. 1957, pp. 161-188; discussion, Apr. 1958 
issue, pp. 541-555 
Reviewed by Arnon L. Mirsky 

Interesting description of layout, design, 
and construction of drydock capable of ac- 
commodating a 38,000-ton tanker. Full 
ancillary works (riverside jetties, sludge-dis- 
posal tanks, etc.) were included in the project. 


Bron-Parilly housing development for 
2600 families, industrialized construc- 
tion (in French) 
P. Bourperx, R. Gaces, F. Grima, and H. Morse, 
Supplement to Annales de L'Institut Technique du 
Batiment et des Travaux Publics (Paris), No. 127-128, 
July-Aug. 1958, Series Technique Générale de la Con- 
struction (23), pp. 834-860 

AvuTHors’ SUMMARY 

The Bron-Parilly housing development 
providing lodging for 2600 families includes a 
15-story building, four towers, seven 6-story 
buildings. In addition there are four school 
buildings, an administrative center, a business 
center, a market, a parish center, and a com- 
munity garage. The development was de- 
signed in terms of functional units adapted 
for construction on an industrial basis. 

The structural system of the development 
is based on concrete bearing walls supporting 
reinforced concrete floor slabs 6 in. thick. 
Metal forming was used throughout with 


A part of copyrighted Journay or THE American Concrete Institute, V. 30, No. 6, Dec. 1958 (Proceedings 
V. 54). Address P.O, Box 4754, Redford Station, Detroit 19, Mich. Where the English title only is given in a 
review, the book or article reviewed is in English. If it is followed by a foreign title the work reviewed is in that 
language. In those cases where the foreign title cannot conveniently be set in type or is not available, the language 


of the original article is indicated in parentheses following the English title. 
are not available through ACI. Available addresses of 


Sopies of articles or books reviewed 


ublishers are listed in the June “Current Reviews” each 


year. In most cases ACI can furnish addresses of pablications added later. 
For those members who cut apart this section for psting on cards for card indexes, a limited number of compli- 
mentary reprints of the ‘“‘Current Reviews" section are available from ACI headquarters on request. 
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welded steel reinforcing mats and truck- 
mounted concrete mixers. The front fagade 
is a prefabricated unit including glazed sec- 
tions and flush metal panels enclosing a hollow 
space filled with “bakelised’’ mineral wool 
insulation. 


No. 1 Berth, Tilbury Dock 


Ceci Peet, Artnur J. CARMICHAEL, and RoNALD 
F. J. Smearvon, Proceedings, Institution of Civil 
Engineers (London), V. 8 (session 1957-58), Dec. 
1957, pp. 331-362; discussion, June 1958 issue, pp. 
200-211 
Reviewed by Aron L. Mirsky 
New berths added to Tilbury Dock, con- 
structed in 1886 and enlarged several times 
since, feature a new quay 842 ft long and a 
T-shaped transit shed. Quay wall was con- 
structed of concrete monoliths 30 ft square, 
sunk to depths between 60 and 81 ft below 
coping level and surmounted by a canti- 
levered quay 50 ft wide. Shed roof is entirely 
of barrel vaults to obviate interior columns. 
Appendices outline analysis of monolith 
stability and design of barrel-vault roofs. 


Construction Techniques 


Guiding principles for the field control 
of concrete and reinforced concrete 
(Leitsatze fiir die baviiberwachung im 
beton und stahibetonbau) 
Water Naxonz, Editor, Deutscher Beton-Verein 
E. V., Wiesbaden, 10th Edition, 1957, 156 pp. 
Reviewed by J. F. Leppmann 
Rules, standards, and recommended prac- 
tice for field personnel, covering the selection 
of materials, the supervision of operations, 
and the preparation of tests, brought up-to- 
date as of July 1957. The sections on bend- 
ing and welding of steel, on open grade 
mixes, and on consistency tests have been 
enlarged. Various charts and pictures and 
a section on hammer blow tests have been 
added. Steam curing and _prestressing 
practices are not included. 


Shear rupture in reinforced concrete 
beams (in Danish) 
Mogens FrReperiksen, Ingenigren, B Edition 
(Copenhagen), V. 67, No. 12, June 1958, pp. 388-393 
Reviewed by Jesper STRANDGAARD 
The author attempts to establish a theo- 
retical analysis for the shear design of rein- 
forced concrete beams based on the stress- 
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strain curves and Mohr’s rupture envelop 
for concrete. A simply supported beam with 
no compression reinforcement was analyzed, 
and the form and location of the principal 
fissure due to diagonal tension was derived 
mathematically. The developed formulas 
were applied to four of the tests described 
by Moody, Viest, Elstner, and Hognestad 
in “Shear Strength of Reinforced Concrete 
Beams,’ ACI JournaL, V. 26, No. 4, Dec. 
1954, and the theoretical shear failure was 
found to agree well with the test results. 
Author stresses the need for further research 


Stresses in tunnel cuts with rectangu- 
lar pay-section and arch-shaped roof 
(Spannungen an Tunneléffnungen mit 
rechteckigem Nutzquerschnitt und 
Kreisbogenférmiger Uberwélbung) 
R. Hittscuer, Der Bauingenieur (Berlin), V. 32, No. 8, 
Aug. 1957, pp. 288-291 
Reviewed by Aron L. Minsxy 

Results of photoelastic investigations, pre- 
sented in form of charts using dimensionless 
parameters (e.g. ¢/p, h/b). Author notes that 
for design of reinforcement, additional data 
are required (see following review). 


Total tensile force on openings in a 
uniaxial compressive stress field (Die 
totale Zugkraft an Offnungen in einem 
einachsigen Druckspannungsfeld) 
R. Hivtscner and B. Pant, Der Bauingenieur (Berlin), 
V. 32, No. 12, Dee. 1857, pp. 470-474 
Reviewed by Aron L. Mrrsxy 

Investigation, photoelastic and analytic, of 
variously-shaped holes, with application to 
design of reinforcement around tunnels in 
rock. (See preceding review. ) 


Analysis of grids of crossed beams 
(Calcul des réseaux de poutres croisées) 
Jean Covurson and Rocer Lacrorx, Annales des 
Ponts et Chaussées (Paris), V. 127, 1957: No. 3, May- 
June, pp. 271-318; No. 4, July-Aug., pp. 391-444 
Reviewed by Aron L. Minsky 
Method, claimed to be exact, reduces 
analysis of grid to analysis of a continuous 
beam on elastic supports. Loads applied to 
the grid are resolved into a linear combination 
of a finite number of “proper loads’’ such that 
under their action the beams of one of the 
systems comprising the grid are distorted 
proportionally to the effect of the actual 
loads. If the beams composing the grid are 
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qually spaced and of constant moment of 
inertia, these ‘proper loads’’ are known, their 
resolution is immediately effected, and the 
solution of a system of equations is not nec- 
essary. The method can be generalized to 
include the case wherein the beams of one 
system are infinitesimal distances apart, i.e., 
slabs. Matrix analysis is used extensively. 
Tables to simplify calculations, and worked 
examples are included. 


Materials 


Influence of free iime in _ portland 
cement on the resistance of concrete 
against aggressive actions (Influencia 
de la cal libre en el cemento portland 
sobre la resistencia del hormigén 
frente a las acciones agresivas) 
F. W. Meier-Grotman, Bulletin No. 182, Instituto 
Técnico de la Construccién y del Cemento, Madrid, 
— Reviewed by Rocer Diaz pe Coss1o 
The results of long term research on 
American portland cement when subjected 
to the action of sulfate are analyzed and in- 
terpreted. A new definition is given of 
“free hydrate of lime.’’ It is found that the 
free lime content must not exceed 0.5 percent 
for lean mixes, and that the limiting value 
for tricalcium aluminate must be 6 percent. 
In fact, all essential ASTM specifications on 
Type V cements are confirmed. A modulus 
of aggressiveness is offered as the ratio 
between the chemically reacting elements 
and those reacting in the liquid phase. It 
varies inversely with the free lime content 
of cement. 


Influence of fineness on the properties 
of cement (Influencia de la finura de 
los cementos en sus propiedades) 

ApRIAN Maraarit Duran, Bulletin No. 167, Instituto 


Técnico de la Construccién y del Cemento, Madrid, 
57 pp. 


Reviewed by Roger Diaz pe Cossio 


Reports results of an investigation con- 
ducted during the past few years at the 
Barcelona Laboratories of the Institute. 
Using ten commercial Spanish portland 
cements and their respective clinkers, the 
influence of the fineness of cement was con- 
sidered on the following factors: real and 
apparent specific weight, mix water per- 
centage, setting time, tensile and compressive 


strengths at 7 and 28 days, chemical compo- 
sition, and age. The fineness was measured 
by several different methods and general 
fineness coefficients were then adopted. In 
general, it was found that the fineness had 
a decisive effect on the over-all quality of 
cement; also, none of the usual methods to 
determine cement fineness was found com- 
pletely satisfactory. Consequently a new 
method to determine the specific surface of 
cement was developed. The method is 
based on the capacity of cement to absorb 
coloring substances while in the liquid state. 


Effects of the addition of salts on the 
false set of cements 
Hrrosnt Naranasnt, Masasnt Amemiya, and 
Koxicut Nakasuima, Semento Gijutsu Nenpo, V. 11, 
1958, pp. 66-75 
Ceramic ABSTRACTS 
Sept. 1958 (Y. Suzukawa) 
The effects of the addition of 0.5 percent 
by weight of various chlorides, sulfates, or 
nitrates on the relaxation of false set were 
studied by the penetration method and the 
flow test of mortar. In the scope of the 
experiments, BaCl. and AIC]; seem to be 
effective. 


Effect of the temperature of materials 
on the properties of cement paste and 
mortar 
Kryosut Mryazawa, Semento Gijutsu Nenpo, V. 11, 
1957, pp. 85-89 
Ceramic ABSTRACTS 
Sept. 1958 (Y. Suzukawa) 
Tests were made in a constant temperature 
room at 20 = 1 C on materials of various 
temperatures. The effect of temperature of 
the materials on the properties of cement 
paste was small. The flow of mortar and 
compressive strength at 3 days increased 
with rising temperature of materials. 


Effect of calcium chloride on sulfate 
resistance of mortar 
Nosve Fuxupa, Nosvo Apacnt, and Iwao Yamapa, 
Semento Gijutsu Nenpo, V. 11, 1957, pp. 79-85 
Ceramic ABsTRACTS 
Sept. 1958 (Y. Suzukawa) 
After removal from the mold at 1 day, 
mortar specimens (water:cement:sand ratio 
0.65:1:2) were cured at 20 = 1 C for 7, 
15, and 30 days in water or in a moist closet 
of 94 to 98 percent relative humidity and 
then immersed in 10 percent solution of 





744 


Na.SO, or MgSO,. The effect of the initial 
curing conditions of mortar containing 0 to 
3 percent anhydrous CaCl, by weight on 
sulfate resistance studied. Mortar 
strength tests up to 1 year showed that for 
cement containing no CaCl., the longer the 
initial curing period in water, the lower was 
the sulfate resistance, but no influence of 
the curing period in water was observed 
when CaCl, was added; sulfate resistance 
increased with increase in the initial curing 
period in the moist closet, especially when 
CaCl, was added. The increase in sulfate 
resistance due to the addition of CaCl, 
seems to be related to the acceleration of 
the formation of calcium  sulfoaluminate 
and chloroaluminate at earlier ages of 
hydration. 


was 


Experiments on the effect of calcium 
chloride on corrosion of steel rein- 
forcement in concrete 
Nosve Fuxvupa and Hrrosui Awayra, Semento Gijutsu 
Nenpo, V. 10, 1956, pp. 188-193 
Ceramic ABSTRACTS 
Sept. 1958 (Y. Suzukawa) 
The effect of the addition of 2 percent by 
weight of CaCl, to cement on the corrosion 
of a mild steel plate of 50 x 30 x 3 mm em- 
bedded in mortar specimens of 20 x 20 x 20 
em (water:cement:sand ratio = 1:2:5) was 
tested up to 1 year. Weight loss due to 
corrosion was about 0.76 mg per sq cm 
during moist curing for 6 months. No 
further weight loss was observed in specimens 
cured up to 1 year. Various electrochemical 
measurements made on a mild steel plate 
in mortars prepared from cement containing 
0 to 5 percent by weight of CaCl, showed 
that the layer of CaCO; formed on the sur- 
face has a protective action against corrosion. 
It was confirmed that CaCl, must not be 
used when there is a stray current in the 
place where the concrete is placed. 


Corrosion of steel in reinforced con- 
crete (in French) 
M. J. Brocarp, Supplement to Annales de L' Institut 
Technique du Batiment et des Travaux Publics (Paris), 
No. 126, June 1958, Series Béton, Béton Armé (47), 
pp. 756-772 

Permeability of concrete to air seems to 
have a not very marked effect on steel cor- 
rosion for usual percentages of cement, since 
the coefficients of permeability vary slightly 
when concrete is proportioned to give a “full’’ 
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mix with a minimum of voids. For very low 
coefficients of permeability, mixes markedly 
richer than normal are required. 

The rate of corrosion decreases in propor- 
tion to the thickness of concrete over steel 
reinforcement. Beyond 1.9 in., it becomes 
negligible; this thickness should be con- 
sidered as a minimum for concrete exposed in 
an aggressive medium. 

The effect of cracks on the steel corrosion 
depends ess-ntially upon the width of cracks. 
Tests texe into account the width of the 
cracks at the level of the reinforcement. For 
widths of less than 0.015 in., cracks do not 
Above 
this figure, the rate of corrosion increases 
rapidly and may easily increase to as much 
as ten times the initial rate. 


appear to have an appreciable effect. 


Pavements 


Experiments with protective coatings 
and with methods of repairing a 
scaled concrete road (in Swedish) 
Nits Opemark and Sven Enoman, Report 31, State 
Road Institute (Stockholm), 1957, 28 pp. 
Higuway Researcn ApsTRACTSs 
July 1958 
The tests were carried out on a pavement 
built in 1947 of concrete without entrained 
air. As far as is known, salt has never been 
used on this road. The road had no scalings 
until in 1953, when scalings occurred on a 
large part of the surface. The tests were of 
two different kinds: (a) tests of different 
types of surface treatments to prevent 
further scaling, and (b) experiments with 
different methods of repairing scaled spots. 
Experiments with treating the concrete 
surface with various products to prevent 
further scaling included: (1) concentrated 
water-glass, (2) diluted water-glass and cal- 
cium chloride, (3) a mixture of diesel fuel 
and white spirit in proportions 1:3—3 percent 
stearic acid was added, (4) a water-repelling 
silicone product, and (5) a plastic product. 
Experiments with different methods of re- 
pairing scaled spots were: (1) sandblasting, 
treatment with hydrochloric acid, washing 
with water and repairing with cement mortar 
laid by means of a trowel; (2) sandblasting 
and repairing by spraying cement mortar; (3) 
repairing with cement mortar to which had 
been added an emulsion of high-polymeric 
substance (repairing by means of a trowel, 





CURRENT REVIEWS 


repairing by means of spraying); and (4) 
repairing with cement mortar to which had 
been added an emulsion of a high-polymeric 
substance (repairing by means of a trowel, 
repairing by means of spraying). 

Results of the last inspection in 1957, when 
the repair work was 3 years old, were used 
for a final judgment of test results. 

Treatments were made both on undamaged 
and on partly scaled slabs and the develop- 
ment of new scaling was observed. It was 
found, in comparison with untreated slabs, 
that treatments of the kind here tested have 
no noticeable effect on the development of 
scaling. 

Irrespective of method of repair, all 
patches were intact, unless minor damages at 
the edges are taken into consideration. It 
reasonable to that good 
patching results mainly depend on a good 
cleaning of the surface which was here done 
by sandblasting. The result applies to pave- 
ments on which salt has never been used. 
The institute has lately made freezing and 
thawing tests on small concrete cubes, sub- 
merged in solutions of salt, and also, patching 
tests of a similar kind as those mentioned 
above. The laboratory tests on the cubes 


seems conclude 


showed that admixture of a high-polymeric 
emulsion (products mainly consisting of poly- 
vinyl acetate) improves the resistance of con- 
crete to the combined action of salt and frost. 
The results of the further patching tests 
show that the use of admixture to the mortar 
is of advantage to improve adhesion to old 
concrete and, also, to make a mortar specially 
suitable to repair shallow scalings. 


Precast Concrete 


Fallacies in the current percent of total 
absorption method for determining 
and limiting the moisture content of 
concrete block 
Cart A. Menzet, Proceedings, ASTM, V. 57, 1957, 
pp. 1057-1071; discussion pp. 1072-1076 
AvTHuor'’s SUMMARY 
The long-standing test for moisture content 
described in ASTM C 140-56 was intended 
to limit the permissible moisture content of 
concrete block. However, author feels it is 
inadequate since it fails to give a significant 
and realistic indication of the moisture con- 
dition of the concrete such as is needed to 
show whether or not block are at the desired 
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degree of dryness to reduce drying shrinkage 
and cracking in the wall. 

This paper presents data showing that the 
moisture held by air-dry concrete at equi- 
librium with a given relative humidity is 
influenced by many factors and is not sig- 
nificantly related to the total absorbed water 
in a saturated block. Hence, the current 
“percent of total absorption method’”’ should 
be replaced by the “relative humidity 
method” which provides a reliable indication 
in about 20 to 60 min of the state of dryness 
and potentiality for drying shrinkage of 
concrete block in subsequent exposure to 
atmospheric conditions. 


First precast concrete curtain wall 

> casi Record, V. 124, No. 3, Sept. 1958, pp. 189- 
There have been a large variety of curtain 

walls for office buildings. This 15-story bank 

building used curtain wall composed of 24% 

in. thick, precast faceted units, 54% ft wide 

and 6 ft high, fastened to the structural frame. 


Prestressed Concrete 


Proceedings of the symposium on pre- 
stressed concrete and composite beams 
(in English and German) 

Science Council of Japan, Architectural Institute of 


Japan, Japan Society of Civil Engineers (joint pub- 
lishers), Tokyo, Nov. 1955, 97 pp. 


The proceedings include papers on Japanese 
prestressing steels, railway bridges, railway 
ties, and research papers on bond, fire tests, 
corner stresses in prestressed rigid frames, 
shear connectors for composite beams, vibra- 
tion characteristics and design and construc- 
tion of prestressed earthquake resistant test 
structures. 


Behavior of prestressed concrete 
beams at transfer 

A. C. Scorpeuis, T. Y. Liv, and H. R. May, Struc- 
tures and Materials Research Report, University of 
California, Division of Civil Engineering, Series 100, 
Issue 3, Oct. 1957; available at $1.82 from the State of 
California Printing Division, Document Section, Sac- 
ramento 14, Calif. 

The behavior of prestressed concrete 
beams at transfer under varying amounts of 
prestressed external moment acting to in- 
crease the eccentricity of prestress is discussed. 
Theoretical formulas are developed for the 
cracking and ultimate strengths at transfer 
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for rectangular and tee-shaped cross sections. 
Results of tests on 14 full-scale beams of 
various cross-sections are given. Test results 
generally verified theory, and both indicate 
that the present practice which bases the 
design at transfer on a fixed value of allowable 
tensile stress yields a widely varying factor 
of safety. 


Fire test of prestressed concrete slabs 
Kunto Kawacor, Proceedings, Symposium on Pre- 
stressed Concrete and Composite Beams, Tokyo, 
Sept. 4, 1954 (published Nov. 1955) pp. 27-31 

Results of fire tests on beams, channel 
type slabs and plate-like slab members of 
prestressed concrete for building structural 
use are given. Describes test procedures and 
specimens used in this series of tests. 


Developments in prestressed concrete 
—a review prepared by the Prestressed 
Concrete Development Committee 
Proceedings, Institution of Civil Engineers (London), 
V. 8 (Session 1957-58), Nov. 1957, pp. 293-322 
Reviewed by Aron L. Mirsky 

A critical survey and review of develop- 
ments since 1949 in materials, design funda- 
mentals, techniques, experimental work; 
bridges, buildings, tanks, roads and runways, 
and other applications. While a general ref- 
erence to the committee’s Bibliography on 
Prestressed Concrete is made, keyed citations 
are unfortunately lacking. 


Study on vibration characteristics of 
prestressed concrete beam 
Yasust Tanara, Proceedings, Symposium on Pre- 
stressed Concrete and Composite Beams, Tokyo, Sept. 
4, 1954 (published Nov. 1955) pp. 45-52 
AvuTHOR’s SUMMARY 
In the study of properties of a prestressed 
concrete beam subjected to vibration, the 
effect of hysteresis which is observed in the 
stress-strain diagram of concrete of such a 
case, should not be ignored. Such hysteresis 
appears under the condition that concrete 
itself is constantly in state of compression 
while vibration stress is being applied. This 
sort of effect is particularly noticeable at the 
initial stage of vibration but diminishes 
gradually, and after a certain given number of 
vibrations it becomes almost negligible. Thus 
the beam might lose a part of its strength 
finally as the result of the secondary loss of 
tension in piano wire, due to the total effect of 
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hysteresis accumulated before the number of 
vibrations given. 

Despite this interesting theoretical result, 
the numerical result obtained from some ex- 
periments shows that the influence is very 
small for the beam as usual in comparison 
with the effect of creep or plastic-flow caused 
by the loading mass on the beam, and is not 
significant in the practical design of a beam. 


Studies on the knee part of the pre- 
stressed concrete rigid frame structure 
Yasuo Konno, Proceedings, Symposium on Pre- 
stressed Concrete and Composite Beams, Tokyo, Sept. 
4, 1954 (published Nov. 1955) pp. 53-58 
AvuTHOR’s SUMMARY 

Prestressed concrete structures now in 
Japan are used mainly as bridge structures 
of, in most cases, simple beam or slab con- 
structions, and there are very few examples of 
statically indeterminate structures. 

Reinforced concrete and also prestressed 
concrete structures are used most advan- 
tageously as Gerber beams, continuous beams 
or rigid frame structures. Rigid frame struc- 
tures are most suitable in Japan where fre- 
quent earthquake takes place. Object of 
this test was to obtain further information of 
statistical behaviors of prestressed concrete 
rigid frame structures under loading. Three 
models of rigid frame structures of different 
types were used, and stresses distribution in 
the knee part was measured. 


Properties of Concrete 


Influence of age on the ball hammer 
testing of concrete with dense texture 
(Kugelschlagpriifung von Beton mit 
dichtem Gefiige. Einfluss de Prii- 
falters) 
Kurt Gaepe, Bulletin 128, Deutscher Ausschuss fir 
Stahlbeton (Berlin), 1957, 18 pp., 6 DM 
Reviewed by Fritz Kramriscu 
The report describes tests and evaluates 
test results regarding the influence of age on 
the ball hammer testing of stone concrete in 
order to determine its compressive strength. 
These tests have shown that hardening of the 
surface progresses faster than hardening of 
the interior and that, therefore, equal diam- 
eters of impressions, obtained on specimens 
of different age, indicate different compressive 
strengths of the specimens. The explanation 
for this behavior is sought in the faster 
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hardening of the air exposed surface. This 
characteristic affects not only the method 
that measures the diameter of the ball im- 
pression, but also the instruments that use 
the rebound as a measure of the compressive 
strength, because the plastic, gel-like char- 
acter of young concrete can absorb more 
energy than the more elastic, crystalline 
character of older concrete that results in a 
greater rebound. 

Test results are given and formulae are 
developed to adjust readings of impression 
diameters and rebounds measured on con- 
crete having an age different from 28 days 
to the standard reading of 28-day concrete. 


Evaluation of hardened concrete 
W. S. Burcner, Journal, Institution of Engineers 
(Australia) (Sidney), V. 30, No. 6, June 1958, pp. 185- 
189 

Reviews methods available to determine 
strength, quality, condition, and other prop- 
erties of concrete in a structure. 

Tests 


core 


chemical 
tests, 


discussed are: 

dynamic tests for water 
content, petrographic analysis, 
gamma and x-ray examination, and physical 
characteristics of the concrete in place. De- 
spite the number of tests available, author 
cautions care in interpretation of results 
with due regard to the limitations of the tests 
so as not to read into the results more than is 
justified. 


analysis, 
tests, 
and air 


Factors affecting measurement of com- 
pressive strength of insulating con- 
cretes 
Morton Suerman, Proceedings, ASTM, V. 57, 1957, 
pp. 1096-1109; discussion pp. 1110-1121 
AvutHor'’s SUMMARY 

For lack of experimental evidence to the 
contrary, testing laboratories and design 
engineers have found it necessary in the past 
to apply to lightweight insulating concretes 
the techniques, limits, and standard relation- 
ships that are proper for dense aggregate 
concretes. Some of these assumptions now 
appear to be erroneous when applied to 
insulating concretes. 

Data presented in this study indicate that: 

1. The effect of loading rate on the 
measured strength does not appear to be as 
critical as a variation in the dry density of 
the concrete under test. 
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2. Abnormal specimen height at casting 
can facilitate the formation of density gra- 
dients in the concrete specimen to be tested. 

3. Without abnormal specimen heights, 
the height-width ratio of a test specimen can 
vary from 0.5 to 2.0 without 
affecting the measured strength. 

4. Improper curing can decrease the 
measured compressive strength. 

A method of testing is suggested which 
utilizes 2-in. oven dry cubes. 


seriously 


Wear tests on concrete using the Ger- 
man standard method of test and 
machine 


James L. Sawvenr, Proceedings, 
pp. 1143-1153 


ASTM, , 1957, 


The Germans have developed a machine 
and method for abrasion test (DIN 51951) 
which subjects the test specimen to wear due 
to forces that are similar to those experienced 
by floor surface in service. This paper reports 
work with the German standard machine 
using a slightly modified test method. 

The test is sensitive to differences in mix 
and curing procedures. Results indicate that 
adequate curing is essential for good wear 
resistance. The increased wear due to sur- 
face moisture indicates that the expected 
moisture condition of the floor surface, when 
in service, must be considered in designing a 
suitable floor. 


resistance of 


Freezing-and-thawing 
concrete as affected by the method of 
test 


H. L. Frac, 
1077-1095 


Proceedings, ASTM, V. 57, 1957, pp. 


AvutTuor’s SUMMARY 


The data presented are a compilation of 
test results of several investigations per- 
formed by the Bureau of Reclamation to 
determine the factors which may influence 
results of laboratory freezing-and-thawing 
tests. Several combinations of freezing-and- 
thawing periods including four tentative 
ASTM methods were used to test the effect 
of initial cures, degree of saturation, and 
specimen size and shape. In addition, the 
time-temperature relationships established 
for different locations in an 18-in. cylindrical 
specimen to simulate the relative effect on 
structural concrete are shown for various 
patterns of freezing and thawing. 





748 JOURNAL OF THE AMERICAN 
Influence of clayey additions on the 
properties of mortars and concretes 
Nicotae Minar, Bulletin de l'Institut Politehnic 
Bucuresti (Bucharest), V. 19, No. 1-2, 1957, pp. 
135-140 
Crramic ABSTRACTS 
Sept. 1958 (M. Hartenheim) 
The influence exerted depends largely on 
the dispersion of the clayey substance in the 
mass. If the clay is present, e.g., in the 
form of a thin coating, it has an unfavorable 
effect on the adhesion of the aggregate grains 
and on the properties of the mortar or con- 
crete, as this coating prevents the binding 
and If, the 
clayey substance is finely distributed in the 


of rocks cement. however, 


mass, it improves the plasticity. 


Measuring the rate of hardening of 
concrete by bond pullout pins 

T. M. Ketty and D. E. Bryant, Proceedings, ASTM, 

V. 57, 1957, pp. 1029-1040; discussion pp. 1041-1042 

AvutTuors’ SUMMARY 

The method consists of the determination 

of the rate of development of bond strength. 


Stainless steel pins were embedded vertically 


in a concrete specimen immediately after 
the concrete mixed. Individual pins 
were subsequently pulled out at increasing 
time intervals and the load at bond failure 
measured in each Rate-of-hardening 
curves were obtained by plotting bond 
strengths against time. Curves are presented 
which illustrate the effects of variations in 
concrete mixes and storage temperature upon 
rate of hardening. 


was 


case. 


Effect of the properties of coarse ag- 
gregate on the strength and cement 
requirement of precast concrete (in 
Russian) 


S. 8. Gorpon, Beton i Zhelezobeton (Moscow), 
1958, pp. 215-218 


June 


Reviewed by D. Wartsrein 


The effect of the properties of several 
crushed stones and gravels on the strength 
of concrete was recently investigated. It 
was concluded that the rock used as coarse 
aggregate must have a compressive strength 
of 1.5 to 2 times the design strength of the 
concrete. With other conditions being equal, 
the cement factor could be varied 20 to 40 
percent in obtaining a concrete of a given 
strength, while for a given cement factor 
the compressive strength varied up to 50 
percent. 
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Bond between the aggregate and the 
cement paste was found to be better for stone 
having a fine grain or fine crystalline struc- 
ture than for minerals consisting of coarse 
grains. A hypothesis was advanced that 
this bond is also dependent upon the degree 
of similarity the mineralogical 
nature of the crushed stone and that of the 
cement 


between 
paste. Thus, dense dolomite and 
limestone may prove to be superior to crushed 
granite of the same strength in view of the 
greater similarity of dolomite and calcite to 
hardened cement paste. This hypothesis is 
offered only with respect to concrete mixes 
which are not subject to severe frost action. 


General 


Civil engineering in the service of the 
Brussels Exposition (Le génie civil au 
service de l’Exposition de Bruxelles) 
Gustave Wittems, Memoires, Société des Ingénieurs 
Civils de France (Paris), V. 111, No. 1, Jan.-Feb. 1958, 
pp. 48-72 
Reviewed by Aron L. Minsky 

First part of paper deals with traffic— 
European, Belgian, and Brussels—and de- 
scribes briefly some of the new facilities 
(tunnels, viaduct) constructed to facilitate 
traffic to the exposition. Second part de- 
scribes very briefly a few of the bold and 
imaginative exposition structures. 


Works of Pier Luigi Nervi, The 
Preface by Prer Luria: Nervi; introduction by Ernes- 
to N. Rocers; explanatory notes to illustrations by 
Jurcen Jorpicxe; Translation by Ernst Prierert; 
Peedestels A. Praeger, Inc., New York, 1957, 142 pp., 
Only rarely can the printed page capture 
the beauty and “simplicity” of the structures 
designed by Nervi. This book has accom- 
plished that in an outstanding presentation 
with all of Nervi’s completed works and some 
of his proposed designs dramatically illus- 
trated and described in detail. The book 
illustrates Nervi’s methods of construction, 
particularly in the development of prefabri- 
cated materials. Reinforced concrete con- 
struction, particularly favored by Nervi, has 
been treated in great detail including his 
‘“ferro-cemento.”” A great number of ex- 
planatory construction sketches and detailed 
photographic treatments supported by short 
text, concentrating on the basic elements 
involved, are included. 
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Los Angeles freeway netwerk 


ACI 


Book of 
Standards 


1958 Edition 


Thirteen ACI Standards 
in One Book 


A collection of current ACI 
standards, recommended prac- 
tices, and specifications. Your 
guide through a maze of con- 
struction problems. 


$4.00 


To ACI Members: $2.00 


Scere PUBLICATIONS 





Test Procedure to Determine 
Relative Bond Value of 
Reinforcing Bars 


(ACI 208-58) 


Recommended Practice for 
Evaluation of Compression 
Test Results of Field Concrete 


(ACI 214-57) 


Building Code Requirements 
for Reinforced Concrete 


(ACI 318-56) 
Design of Concrete 
Pavements 

(ACI 325-58) 
Reinforced Concrete 
Chimneys 


(ACI 505-54) 
Winter Concreting 
(ACI 604-56) 


Selecting Proportions 
for Concrete 


(ACI 613-54) 


Measuring, Mixing and 
Placing Concrete 


(ACI 614-42) 


Application of Portland 
Cement Paint 


(ACI 616-49) 


Concrete Pavements 
and Concrete Bases 


(ACI 617-58) 
Precast Concrete 
Floor and Roof Units 
(ACI 711-58) 


Construction of Concrete 
Farm Silos 


(ACI 714-46) 


Application of Mortar 
by Pneumatic Pressure 


(ACI 805-51) 
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On the Cover—Looking easterly 
along Hollywood Freeway to 
Los Angeles Civic Center. Fabulous 
freeway network unites the city with 
various outlying communities. More 
than 250 miles of ys lead into 
the heart of Los Angeles, site for 
the ACI "59 Annual Meeting sched- 
vied for February 23-26. 


Dues Increase 


1959 Annual ACI 
Convention, Los Angeles 7 


Detroit Regional Meeting 


ACI Building Session 
DH. Aint Cc 





Positions and Projects 


Honor Roll 


New Members 


Looking Ahead 


List of Advertisers 





To balance 


the budget 


dues increase 
deemed necessary 


A YEAR’S STUDY of the Institute’s financial 
status by a special committee of the Board of Di- 
rection resulted in a petition to the Board (see p. 
5) on Oct. 28, 1958, to revise the Bylaws to pro- 
vide for an increase in member dues. ACI Bylaws 
require that the petition be presented to the mem- 
bership at the 1959 convention in Los Angeles and, 
if approved, passed to letter ballot of the entire 
voting membership shortly thereafter. 

ACI dues have been maintained at the same level 
since 1951. In the interim the world—and ACI- 
have seen many changes; the most important 
to an organization on a fixed per capita income from 
members is that of creeping inflation with con- 
stantly rising costs. The chart on p. 4 shows the 
sharp upward trend in the last 8 years in per mem- 
ber cost of operating the Institute. Each member 
is now getting services which cost almost $26 per 
year, for which he is paying only $15. The increase 
in operating cost has accelerated in the past 3 years; 
1958 expenditures will be almost $6 per member 
more than in 1951. Expenses are now converging 
on income with the threat that within the next year 
a deficit will result unless income is increased or 
services are curtailed. ACI has a modest reserve, 
but its relation to annual operating expenses is 
annually becoming more unfavorable; that is, 
percentagewise it is decreasing and receding from 
the recommended level of 1 year’s operating ex- 
penses generally agreed to be the minimum desir- 
able for stable operation of organizations like ACI. 

After studying the special committee report the 
Board of Direction agreed that curtailment of 
services, or even maintenance of the status quo, is 
not the desire of the majority of members or the 
solution to the impending financial pinch. Rather, 
because of the backlog of accepted papers awaiting 
JOURNAL publication, the necessity and desirability 
of preparing and publishing a new index of ACI 
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1951°52 '53 '54 '55 '56'57 ‘58 


literature, and future work on new technical 
manuals, the consensus was for more, not less, 
service to members. 

Obviously more publications and their de- 
velopment cost money. Compare the ex- 
penditure for the JouRNAL alone of $80,000 in 
1958 with slightly over $23,000 in 1951. 
Steeply rising costs of printing and expanded 
issues of the JouRNAL account for the almost 
four-fold increase in this one expense item. 
The average direct printing cost per JouRNAL 
page has gone from $16.92 in 1951 to $40 in 
1958. In addition to higher unit costs, the 
volume of literature sent to members has in- 
creased materially. JouRNAL V. 22 (Proceed- 
ings V. 47) ending in June 1951 had 872 pp.; 
JouRNAL V. 29 (Proceedings V. 54) ending 
with Part 2, December 1958 will run at least 
1400 pp. 

Increasing membership and services nec- 
essarily mean more staff, more equipment, 
and more working space. While the new ACI 
headquarters building has more than twice 
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EXPENDITURES per member per 
year exclusive of publications 
purchased for resale. The trend 
of the past 8 years is sharply up- 
ward. Each member is now re- 
ceiving services which cost almost 
$26 per year. The accelerated 
increase in operating costs over 
the past 3 years indicates that 
1958 expenditures will be up al- 
most $6 per member over 1951 


the area of the old office, the unit cost is ma- 
terially less due to the generosity of members 
and friends of the Institute in contributing to 
the building fund which substantially paid 
for the new facilities. 

So far, increasing costs of serving ACI 
members, over and above their dues, have 
been absorbed through increased revenues 
from bound volumes, reprints and special 
publications, and JouRNat subscriptions. 
Prices of all these were increased in 1958. 
An increase in member dues has been deferred 
as long as possible but is now necessary to 
assure a continuing increase and growth in 
services worthy of a virile technical society 
while maintaining a level of financial stability 
essential to attainment of long-term ACI 
goals. 

The need for greater member service exists; 
the raw material for developing it is available. 
A favorable member vote on the proposed 
dues increase will provide the financial means 
to accomplish it. 








ma- 
ers 
zg to 
paid 


ACI 
ave 
ues 
cial 
ons. 
958. 
rred 
y to 
h in 
tiety 
ility 
ACI 


cists; 
able. 
yosed 
eas 


NEWS LETTER 


Proposed Changes in ACI Bylaws 


Notice is hereby given to the membership of the American Concrete Institute that at the 
[nstitute’s 55th Annual Convention, Los Angeles, Feb. 23-26, 1959, consideration will be given 


to petition for Bylaws revision. 


The undersigned members of the American Concrete Institute hereby petition the 
Board of Direction to submit to the membership for adoption, in accordance with Article 
VI of the Bylaws, the following proposed changes in the Bylaws. (The left-hand column 
repeats the present wording of the Bylaws; the right-hand column the proposed re- 


wording.—Ep1Tor) 


PRESENT 
ARTICLE IV—DUES 


Séction 1. Dues shall be payable in advance on the 
first day of the month of notification of the Member 
applicant of his election by the Board of Direction, and 
annually thereafter, as follows: Contributing Mem- 
bers, $100.00; Corporation Members, $50.00; Members 
individuals) in North America* and U. 8. possessions, 
$15.00; Members elsewhere, $12.00; Junior Members, 
$7.50; Student Members, $5.00. Corporation Members 
outside North America may upon application be 
granted a 20 percent reduction in dues. Any individual 
Member may be admitted to Life Membership upon 
payment of a sum determined by the Executive Com- 
mittee based on 90 percent of the membership dues as 
established at the time of application, credited with 3 
percent interest compounded annually for the appli- 
cant's life expectancy as arrived at from the American 
Experience Table of Mortality. 


Signed by: 
Wavrer H. Price Jown W. Keury 
Lewis H, Turn. W. J. McCoy 
StanTON WALKER C. D. Wares, Jr. 
Bruce Foster C. 8. Wurrney 
Crayton L. Davis Bryant MATHER 


*Includes all countries and territories in Central America and West Indies. 


PROPOSED 
ARTICLE IV—DUES 


Section 1. Dues shall be payable in advance on the 
first day of the month of notification of the Member 
applicant of his election by the Board of Direction, and 
annually thereafter, as follows: Contributing Mem- 
bers, $135.00; Corporation Members, $65.00; Mem- 
bers (individuals) in North America* and U. 8. posses- 
sions, $20.00; Members elsewhere, $16.00; Junior Mem- 
bers, $10.00; Student Members, $5.00. 
Members outside North America may upon application 
be granted a 20 percent reduction in dues. Any indi- 
vidual Member may be admitted to Life Membership 
upon payment of a sum determined by the Executive 
Committee based on 90 percent of the membership 
dues as established at the time of application, credited 
with 3 percent interest compounded annually for the 
applicant's life expectancy as arrived at from the 


Corporation 


American Experience Table of Mortality. 


Puiu M. Ferouson 
S. J. CHAMBERLIN 

Rosert C. Jounson 
Dovetas McHenry 


Frank Kerekes 
ARSHAM AMIRIKIAN 
H. J. Guxey 
Raymonp C. Reese 
Crepric WILLSON 


Authorities Commercial Allas of 


imerica, Rand McNally & Co., Chicago; and Survey Atlas of the World, The Times, London. 





1959 ACl 





CONVENTION 
February 23-26—Los Angeles 


The local committee for the 55th ACI Annual Convention in Los Angeles, Feb. 
23-26, 1959, will sponsor an exhibit in conjunction with the convention. 


Firms desiring to exhibit are requested to contact: 


Glen Thomas 

c/o Southern California Chapter 
American Concrete Institute 
Room 1058, 742 S. Hill St. 
Los Angeles 14, Calif. 


ATTENTION EXHIBITORS 
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Reinforced CONCRETE 


Saves 14% on cost of luxury apartment building 
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PHOENIX TOWERS Newest and largest luxury co-operative apartment building in the 
Architect: Ralph C. Harris, A.A, S0uthwest is the handsome $3,000,000 fourteen-story Phoenix Towers 
Phoeniz, Arizona Architect Ralph C. Harris chose flat slab reinforced concrete con- 
ey struction which made it possible to cantilever for balconies and sun- 
Milla Engineering Co. shades very economically. The absence of projecting beams into the 
Chicago, Illinois ceilings of the rooms below in this type of construction eliminated 


; the necessity for suspended plaster ceilings. 
General Contractor: 


Da E. Webb Architect Harris further points out that cost comparisons showed a 
Construction Company . . . . 

Phoonis, Arizona 14% saving with reinforced concrete over other framing systems 
Before you build, investigate this economical, flexible, and timesaving 
medium of construction. Compare—and you will design for rein- 
forced concrete. 


CRSA Concrete Reinforcing Steel Institute 
ers 38 South Dearborn Street, Chicago 3, Illinois 
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NEWS LETTER 


( y lfornia calling: 


Los Angeles will welcome 


55" annual ACI convention 
February 23-26, 1959 


a 

SouTHERN CALIFORNIA will weleome ACI members in late winter as 
the Institute meets for its 55th annual convention at the Statler Hilton in 
Los Angeles, February 23-26. Research, design, and construction reports 
will share the spotlight with official ACI committee work at sessions dealing 
with pavements, pipe, blast and radiation resistant structures, bridges, pre- 
cast panels, concreting methods—to mention only a few of the varied topics 
slated for presentation. 

An added attraction of the 55th Annual Convention is the student com- 
petition for concrete designs and applications being sponsored by the Southern 
California Chapter of ACI and the convention exhibits committee. The com- 
petition is open to all students in southern California colleges regularly en- 
rolled in engineering or architecture, with four cash awards totaling $400 to 
be made. The awards will be for the best presentation of projects using 
portland cement concrete. Presentations may be in the form of scale models, 
architectural renderings, perspective drawings, or pictorial presentations. 
Entries will be on display at the convention, and prizes will be presented at 
the annual awards luncheon. 

Technical committee ‘working sessions’”’ and the annual business session 
will take up the first 2 days of the convention program on February 23 and 24. 
On Wednesday, February 25, the presentation of technical papers will begin 
with two sessions running concurrently through Thursday noon. The final 
research session is scheduled for Thursday afternoon. Present plans for the 
convention program (excluding technical committee meetings) are outlined 
below: 


TUESDAY AFTERNOON, FEBRUARY 24 
First General Session 


Proposed Revision of Institute Bylaws 


ar Standards or Revision of Standards 

ommittee 605, Hot Weather Concreting 
Committee 613, Proportioning of Lightweight Aggregate Structural Concrete 
Committee 614, Measuring, Mixing, and Placing Concrete 


Committee Report: 
Committee 326, Shear and Diagonal Tension 
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WEDNESDAY MORNING, FEBRUARY 25 


Construction Session 


Erection of Precast Concrete. L. Peterson, J. L. Peterson, Inc., Los Angeles 


Joinery of Precast Elements—W. Howard Gerfen, consulting structural engineer 
San Marino, Calif., and John R. Anderson, consulting structural enginee: 


Pasadena, Calif 


Concrete Pavements on Cement-Treated Subgrades in California—J. W. Tras} 
California Division of Highways, Marysville 


Qualification Plan for Ready-Mixed Concrete Plants—C. E. Proudley, North 
Carolina State Highway Commission, Raleigh 


Cast-in-Place Concrete Pipe—Louis Kristoff, Corps of Engineers, Sacramento 
alif. 


Special Problems in Concrete 


Properties of Shielding Concrete—James Henrie, Atomics International, Canoga 


Park, Calif. 


Design and Performance of Special Purpose Blast Resistant Structures—R. A 
Williamson, Holmes and Narver, Inc., Los Angeles 


Influence of Grade of Steel on Blast Resistance of Reinforced Concrete Beams- 
W. A. Shaw and J. R. Allgood, U. S. Naval Civil Engineering Laboratory 
Port Hueneme, Calif. 


Surface Cooling of Mass Concrete as a Means of Controlling Cracking—Roy W. 
Carlson, consulting engineer, Berkeley; Don Thayer, California Department of 
Water Resources, Sacramento 


WEDNESDAY AFTERNOON, FEBRUARY 25 


Design and Analysis Session 


Prestressed Concrete Lift Slab-—Edward K. Rice and Felix Kulka, T. Y. Lin and 
Associates, Van Nuys, Calif. 


Effect of Longitudinal Forces on a Portal Frame Supporting a Highway Bridge 
Deck—Tung Au, Carnegie Institute of Technology, Pittsburgh, and Thomas D. Y. 
Fok, Youngstown University, Youngstown, Ohio 


Prestressed Concrete Shells for Grandstands and Roofs, Hippodrome at Cara- 
cas, Wenezvela—Henry M. Layne, structural engineer, Los Angeles, and T. Y 


Lin, T. Y. Lin and Associates, Van Nuys, Calif. 


Laboratory Research on Pavements Continuously Reinforced with Deformed Bars 
—J.L. Waling and M. J. Gutzwiller, Purdue University, Lafayette, Ind. 


Stresses and Deflections in Pavements Continuously Reinforced with Deformed 
Bars—J. L. Waling and M. J. Gutzwiller, Purdue University, Lafayette, Ind. 
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NEWS LETTER 


Concreting Materials and Methods 
Evaluation of Concrete and Mortar Mixes—W. A. Cordon, Utah State Uni- 


versity, Logan 


Shotcrete: Properties and Application to New Buildings—Stanley Zynda, Gunite 
Contractors Association, Los Angeles 


Controlling Tremie Concrete with Admixtures—J. Wayman Williams, Sika Chem- 
ical Corp., Passaic, N. J 


Concrete and Concrete Materials for Glen Canyon Dam—W. H. Price, L. P. 
Witte, and L. C. Porter, U. S. Bureau of Reclamation, Denver 


THURSDAY MORNING, FEBRUARY 26 
Design Research 


Effect of Bar Cutoff on Bond and Shear Strength of Reinforced Concrete Beams- 
Phil M. Ferguson, University of Texas, Austin, and Farid N. Matloob, Mosul, 
lraq 


Shear Strength of Two-Span Continuous Reinforced Concrete Beams—Jose J. 
Rodriguez, Albert C. Bianchini, University of Illinois, Urbana; Ivan M. Viest, 
AASHO Road Test, Ottawa, Ill.; and Clyde E. Kesler, University of Illinois 


Torsional Resistance of Reinforced Concrete—George C. Ernst, University of 
Nebraska, Lincoln 


Behavior of a Continuous Concrete Slab Prestressed in Two Directions—A. C. 
Scordelis, T. Y. Lin, and R. Itaya, University of California, Berkeley 


Products and Precast Elements 


Precast and Prestressed Folded Plate Slabs—H. H. Edwards, Leap Concrete, 
Inc., Lakeland, Fla. 


Plastic Forms for Architectural Concrete—J. A. Hanson, Portland Cement Asso- 
ciation, Chicago 


Exposed Aggregate Type of Decorative Panels—C. D. Wailes, Jr., Wailes 
Precast Concrete Corp., Sun Valley, Calif. 


Glazed Face Concrete Block—S. H. Westby, Portland Cement Association, 


hicago 


Linings for Concrete Pipe and Structures under Sewage Conditions—C. G 
Munger, Amercoat Corp., South Gate, Calif. 


THURSDAY AFTERNOON, FEBRUARY 26 
Annual Research Session 
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NO WINTER SLOW-DOWN HERE 


COLUMBIA CALCIUM CHLORIDE gives high early strength days faster 
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The American Concrete Institute now recommends con 
the addition of calcium chloride for cold weather i i ( 
concreting. (ACI Standard “Recommended Practice § Ma 
for Winter Concreting.’’) These benefits have been : — 
proved, on jobsite after jobsite: initial and final set 
achieved up to three times faster, quicker early caneeuie ceaiuia 
strength, greater ultimate strength. Finishing goes ee CHLORIDE G 
faster, forms can be pulled days earlier, contractor e 
profit increases. = ; ‘ 
Let our Columbia Calcium Chloride engineers help Columbia Calcium Chloride is avail By *°T' 

- k thi able in both High Test Flake (94- con 

you save money on your concrete work this season. 97% CaClz content) and Regulor ae 
For their assistance, just write today to Calcium Flake (77-80% CaCl2). One 80!b. , 
Chloride Department at our Pittsburgh address, or bag of High Test delivers the same ladi 
f f f . ated Distri results as one 100 Ib. bag of Regu- adi 

to any of our fourteen conveniently located District lor. Both odd ecslly ot suppien’ oni 
Sales Offices. plants or right at the jobsite. now 
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COLUMBIA-SOUTHERN CHEMICAL CORPORATION clul 
A Subsidiary of Pittsburgh Plate Glass Company amy 


One Gateway Center, Pittsburgh 22, Pennsylvania a 


DISTRICT OFFICES Cincinnati, Charlotte, Chicago, Cleveland, Boston, Hu 
New York, St. Louis, Minneapolis, New Orleans, Dallas, Houston, Pittsburgh, Ber 
Philadelphia, San Francisco IN CANADA Standard Chemical Limited mou 














NEWS LETTER 


FLASH!?! 


Los Angeles Committee Plans Special Events 
For ACI ’59 Annual Meeting 


With the convention program proper con- 

iding on Thursday, February 26, a trip to 
Disneyland is on tap for the following day in 
order that both delegates and wives may en- 
joy this popular southern California attrac- 
Bob Blair of Southwestern Portland 
Cement Co. and John Wise of the Disneyland 
staff are in charge of arrangements. 

Sam Hobbs, local general chairman for the 
1959 ACI convention announces that Henry 
M. Layne, Los Angeles consulting structural 
engineer, will act as chairman of the reception 
committee for the convention. 


tion. 


Mr. Layne is 
a widely known engineer who has served as 
president of both the Los Angeles and Cali- 
fornia structural engineers associations. Other 
new local committee appointments include 
Charles F. Moran of the Portland Cement 
Association, chairman of the inspection trips 
committee, and William F. Norton of Ceco 
Steel Products Corp., treasurer. Mr. Norton 
is also a member of the over-all local planning 
committee. 

Charles Pankow of Peter Kiewit Co. and 
Marvin J. Kudroff of Daniel, Mann, John- 
son and Mendenhall are co-chairmen for the 
convention Wednesday 


“social hour’ on 


night, February 25. 


Gala schedule for ladies 

C. Taylor Test, Riverside Cement Co., 
serving as entertainment chairman of the local 
convention committee, has given “milady”’ 
prime consideration in special events planning. 

Entertainment scheduled solely for the 
ladies includes a get-acquainted bruncheon 
and a fashion luncheon to be staged by a re- 
nowned Hollywood designer with studio 
Tickets to popular television shows 
and reservations for famous Los Angeles night 
clubs will also be available. There will be 
ample time, too, to take in the many attrac- 
tions of the Los Angeles area—Hollywood 
Bowl, Catalina Island, Descanso Gardens, 
Huntington Library, Olvera Street, Knott’s 
Berry Farm, Farmers Market, the beaches, 
mountains, or desert. 


models. 


Certain to be one of the high spots for the 
ladies is the fashion luncheon scheduled for 
Thursday noon at the Beverly Hilton Hotel 
in Beverly Hills. Walter Plunkett, 
designer for Metro-Goldwyn-Mayer 
Studios and an Academy Award winner for 
design, will stage the fashion show. Mr. 
Plunkett will award-winning 
creations as well as current designs. 


chief 
dress 


display his 


Continued on p. 39 


NATIONAL BROADCASTING COMPANY 
STUDIOS in Hollywood—an example of 
the beauty and strength possible in 
architectural concrete. The use of this 
medium first gained favor on the West 
Coast, perhaps because of its high re- 
sistance to earthquake and also its flexi- 
bility and possibilities for modern func- 
tion design. Tickets to popular tele- 
vision shows originating from this studio 
will be available to ACI convention-goers 
while they are in Los Angeles for the 55th 
Annual Convention, February 23-26,1959 
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PRECAST 
SEAT BEAMS 
1 od —8 4 @) 
COMPLETION 
OF 

BALL PARK 


Contractor for Structure: 
Troy B. Hood, Inc. 
Spokane, Wash. 


Contractor for Excavation, 
Foundation and Tunnels 
Henry George & Sons 
Spokane, Wash. 


Manufacturer of Precast Units: 
Spokane Concrete Pipe Co. 
Spokane, Wash. 


Ready-Mix Concrete 
Central Pre-Mix Concrete Co. 
Spokane, Wash. 


Architect and Engineer : 
Culler, Gale, Martell & Norrie 
Spokane, Wash. 


Joint Owners: 


City of Spokane 
Spokane County 


LEHIGH 


December 1958 


Seat beams were anchored by welding 
plates on seat undersides to plates on 
grade beams. 1082 seat beams were 
required. 


Weighing approximately 1800 Ibs. 
apiece, they ranged in width from 
2'8" to 3’ and in length from 13’ 
to 14’. 


e Structural work on the new Fairground Park baseball stadium for 
the “Spokane Indians” did not get underway until February, 1958, 
yet the job had to be completed by the season’s opener on April 29th. 
This need for fast work, without sacrifice of economy or quality, led 
to the choice of precast concrete seat beams for this job. 


Using Lehigh Early Strength Cement, the manufacturer turned 
out 44 seat beam sections every day, from 550 lineal ft. of forms. 
Without the use of High Early Strength concrete, at least double the 
quantity of forms would have been needed to meet the tight schedule. 


This is typical of the advantages of Lehigh Early Strength Cement 
in modern concrete construction. 


With modern construction methods 
and Lehigh Early Strength Cement, 
the manufacturer was able to com- 


plete casting of the beams for this 
8500-seat baseball stadium in less 
than 5 weeks. 


PORTLAND 
CEMENT 
COMPANY 





NEWS LETTER 


Record breaking attendance for 
three-day technical program at 


DETROIT RECIONAL MEETING 


European AND AMERICAN engineering developments in concrete 
formed the nucleus for the technical program presented at the 11th Regional 
Meeting of the American Concrete Institute, October 27-29, in Detroit. More 
people were registered than for any previous ACI Regional Meeting. The 
program featured five technical sessions and an inspection tour of the new ACI 
headquarters building which was formally dedicated October 29, crowning 
the meeting with a deep sense of membership accomplishment. 


Official registration totaled 559, with Michigan providing the largest group 
of registrants, although members from 26 other states were in attendance. 
An international flavor definitely prevailed, with delegates from Canada, 
Belgium, Cuba, Germany, Japan, Mexico, Netherlands, Puerto Rico, and 


Sweden attending the sessions. 
by 118 students. 


Design Session 


ACI President Douglas McHenry served 
as moderator at the opening session on Mon- 
day, October 27, with five diversified design 
papers featured. Mr. McHenry is director of 
development, Portland Cement Association, 
Chicago. 


Russian Progress in Concrete Tech- 
nology—2J. D. Piper, vice-president for 
promotion, Portland Cement Association, 
Chicago, and Walter H. Price, head, En- 
gineering Laboratories, U. S. Bureau of 
Reclamation, Denver 

Past president Walter H. Price yielded the 
rostrum to coauthor J. D. Piper who pre- 
sented an enlightening illustrated story of their 
recent trip to Russia. The authors were mem- 
bers of a six-man delegation invited to inspect 
concrete construction in Moscow and Lenin- 
grad from May 11 to 21, 1958, where they 
visited laboratories, design offices, construction 
sites, precasting plants, and housing develop- 
ments. 

They observed that prestressed concrete is 
used wherever possible in Russia. Precast 


Four Michigan universities were represented 


concrete is being used almost exclusively for 
housing projects in the above mentioned 
cities. Roofs, floors, even heating units, are 
made of concrete. 

Before starting a tour of each of the fac- 
tories, design offices, and technical labora- 
tories, the American delegation was intro- 
duced to officials who explained what they 
were trying to accomplish. Upon completion 
of the tour the delegates again returned to the 
executive offices where they were asked to 
comment on what they had seen and offer any 
possible constructive criticism or suggestions 
which might improve the present methods. 
These plants, working three shifts a day, 6 
days a week, turn out a tremendous volume 
of precast concrete. 

Colored slides afforded a broad picture of 
the 10-day tour depicting outstanding tour- 
ists’ attractions such as the 32-story Uni- 
versity of Moscow, the Kirov Stadium with 
seating capacity for 100,000, and the fabulous 
St. Basil subway. Built 100 ft below the 
ground, the subway is marble lined, with 
beautiful paintings, statues, and ornate dec- 
orations making the passageway comparable 
to a corridor of the finest art museum. 

Continued on p. 14 
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Concrete Space Structures — Relation 
Between Form and Structural Design 
—A. M. Haas, professor of concrete and 
concrete construction, Institute of Technol- 
ogy, Delft, Netherlands 

The amazingly rapid development. of con- 
crete design demands greater understanding 
between the architect 
engineer. 

In the past, architectural physical planning 
was limited by the structural capabilities of 
the materials used. The stability of low ten- 


and the structural 


Prof. A. M. Haas, 
Institute of Tech- 
nology, Delft, 
Netherlands, one 
of the featured 
speakers at the 
design session 


© Pate ee Pu FAA - 


sile materials (like natural stone) required 
close, vertical, and huge supports aligned 
But 
now entirely new concepts of design have 
emerged, said Professor Haas. With the dis- 
covery of the possibility of vaulting for low 
tensile materials and the availability of con- 
crete that can easily take the required form, 
supports were pushed much farther apart. 
Space started to take forms other than that of 
the rectangle. 

The recent introduction of materials strong 
in tension, i.e., steel and reinforced concrete, 
has pushed supports still farther apart, with 
units of space taking more horizontal propor- 
tions. 

Any structure should be so designed that 
stability, stiffness, and strength result. The 
design should be an economical solution, but 
thus far we have developed in calculation 
such techniques that almost any fantastic 
architectural design may be made structurally 
possible. The consulting engineer hardly ever 
calls a halt to the conceptions or caprices of 
the architect. Complete understanding and 
cooperation between the architect and en- 
gineer would result in a more harmonious 


more or less on rectangular patterns. 


December 1958 


and balanced design, and probably a more 
economical one also. 

Fully discussing the principles underlying 
the relation between form and structural de- 
sign, Professor Haas cited the problem of 
column capitals and openings for flat slab 
design, the increasing demand from the archi- 
tect’s office to do away with column capitals, 
various types of shell structures, and the ad- 
vantages of folded plate design. 


Strength of Concrete Under Combined 
Stresses—Boris Bresler and K. S. Pister, 
professor and associate professor of civil 
engineering, respectively, University of 
California, Berkeley 

Professor Bresler this paper 
which represents a final report of a project 


presented 


sponsored by the Reinforced Concrete Re- 
search Council at the University of California. 
The study reported had two principal ob- 
jectives: (1) to verify the validity of a failure 
criterion for plain concrete based on a rela- 
tionship between normal and shearing mean 
stresses; and (2) to apply the failure criterion 
to the determination of shearing strength of 
structural elements. 

A criterion for failure of plain concrete 
subjected to combined stresses was estab- 
lished from tests of 65 tubular specimens 
tested to failure under various combinations 
of shearing and compressive stress. A pro- 
cedure for determining the shearing strength 
of a special class of rectangular reinforced 
concrete beams without web reinforcement 
Excellent 
calculated 


was developed. correlation 
obtained between 
shearing strength of a limited group of beams. 
Full report appeared in the ACI Journat, 


September 1958, p. 321. 


was 


and observed 


Analysis of Shear Test Data—i. M. 
Viest, bridge research engineer, AASHO 
Road Test, Ottawa, Ill. 


Illustrated talk by Dr. Viest presented an 
analytical study of the test data for a large 
variety of reinforced concrete structural 
members without shear reinforcement. The 
test data, accumulated over the past 10 
years, indicated that the principal tensile 
stress is the primary cause of failures of beams 
without web reinforcement. His analysis 
based on the well known principal stress 
equation expresses the strength of beams in 
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INTERNATIONAL CONCRETE EXPERTS . . 


. Professor Andre Paduvart of Brussels Uni- 


versity; ACI President Douglas McHenry; Robert F. Legget, National Research Council 
of Canada; and Professor Hubert Rusch, Institute of Technology, Munich 


diagonal tension as a function of the percent- 
age of the longitudinal reinforcement, the 
beam dimensions, the strength of concrete, 
and the ratio of moment to shear. 

A correlation of the test data on the basis 
of the theoretical analysis permits the deriva- 
tion of a simplified empirical design equation 
covering both short and long beams. Dr. 
Viest also included a comparison of the design 
equation with the test data and with the 
current design values for beams without web 
reinforcement. 


Comparative Cost of Blast Resistant 
Design—Warren W. Yee, director of en- 
gineering, Structural and Civil Division, 
Smith, Hinchman, and Grylls Associates, 
Inc., Detroit 

Dr. Yee opened his talk with a discussion 
of nuclear blast resistant design criteria. 
For conventional design, he said, we are 
dealing with predetermined forces such as 
dead loads and live loads, and forces of 
nature, but for structures to withstand a 
nuclear blast the forces involved are variables 
of the type of explosion, the intensity, and 
geographical conditions between the ex- 
plosion and the structure. With given design 
criteria, it becomes no more than a funda- 
mental engineering problem to design an 
economical structure that will satisfy all the 
requirements. 

In discussing the structural requirements 
and framing schemes for a blast resistant 


structure, Dr. Yee called attention to the 
basic characteristics of a nuclear explosion 
and the resultant problems to be confronted. 

Comparing the cost of blast resistant and 
conventional structures, he used a building 
constructed about 3 years ago, designed to 
resist all effects of a nuclear explosion of 20 
kilotons intensity at a distance of 4% mile. 
Equivalent static loading for the structure is 
150 psf on floors; 100 psf on the roof; and a 
lateral load of 150 psf on walls. All the loads 
are assumed to act in either direction. Cost 
for the building, excluding property and 
equipment was $15.86 per sq ft or $1.12 per 
cu ft. The increase in total construction 
cost of this blast resistant structure over that 
of a conventional structure was approximately 
17 to 18 percent. 

In conclusion, Dr. Yee pointed out that 
even with what appears to be staggering 
loading conditions, and radiation as well as 
thermal protection requirements of a blast 
resistant building, within reasonable limita- 
tions, one may still be designed and built 
at a cost less than 20 percent above that of a 
similar conventionally designed building. 


Construction Session 


Shell roof construction problems, precast 
sandwich panels for shopping centers, design 
problems and service performance of precast 
panels, and the role of formwork in concrete 
construction were the topics of the construc- 
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Mackinac Bridge, Michigan 

Owner: Mackinac Bridge Authority 

Consulting Engineer: Dr. D. B. Steinman 

Associate Consultant: Glenn B. Woodruff 

Substructure Contractor: Merritt-Chapman & Scott Corp. 


Superstructure Contractor: American Bridge Div. 
U.S. Steel Corp. 


POZZOLITH Ready-Mixed Concrete: Lovis Garavaglia Co. 


Mackinac Bridge... 
POZZOLITH* Employed 
in Lightweight Concrete 


in the Deck 
to Improve Workability 
and to Reduce Shrinkage 


* POZZOLITH— Master Builders trademark for its time-tested water-reducing, 
air-entraining admixture for concrete. 


THE MASTER BUILDERS co. 


DIVISION OF AMERICAN-MARIETTA CO 


General Offices: Cleveland 3, Ohio * Toronto 9, Ontario * Export: New York 17,N Y 
Branch Offices In All Principal Cities ©¢ Cable Mastmethed) N.Y 
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tion session, Monday afternoon, October 27. 
Ben Maibach, Jr. of Barton-Malow Co., Oak 
Park, Mich., presided as chairman. 


Concrete Shell Roof Construction Prob- 
lems—O. G. Sharrar, general superin- 
tendent, O. W. Burke Co., Detroit 

Mr. Sharrar reported that from the con- 
tractor’s standpoint there were not many 
serious problems in this type of construction. 
He described the forming and concreting of a 
cylindrical shell roof for a water pumping 
station. Three 19 ft 5 in. vaults on each side 
of a passageway made up the roof which was 
440 ft long and 3% in. thick; the edge beams 
rested on columns 44 ft center to center. The 
barrel roof segments act as part of the beam. 

Movable formwork, designed for 120 psf 
loading, was constructed for concreting the 
roof in sections. Supporting trusses were de- 
signed for a total of 17,500 lb. One truss 
was tested at that load and showed no de- 
flection. The major consideration in concret- 
ing was to balance the placement so as to 
keep the load evenly distributed. The roof 
was cured for 12 days with water as required 
in the specifications. 


Precast Sandwich Panels for Shopping 
Center—R. C. Adams and R. D. Johnson, 
Marietta Concrete Corp., Marietta, Ohio 


Presentation of this paper was made by 
R. C. Adams, who explained that his firm’s 
standard precast panel is 5 in. thick, with 
concrete faces 134 in. thick and 1% in. of 
rigid insulation between. An 8x 10-ft panel 
was previously standard but now 8 x 20-ft 
panels are considered standard. Panels 
longer than 20 ft present certain problems in 
tolerances with regard to bowing, warping, 
and movement caused by temperature changes 
etc. 

Advances in factory casting, trucking to 
the site, and mechanized erection have made 
the use of precast panels a valuable material 
in shopping center construction. Rapid 
closure of a structure allows the tenant to 
move in more quickly. Thinner walls pro- 
vide more rentable space, and steel troweled 
interior surfaces of panels are easily painted. 
Exterior surfaces can be treated in a variety 
of ways with a variety of colors and tex- 
tures. 


Mr. Adams detailed the progress his firm 
has made in the field of precast sandwich 
panels and the adaptations required in plant, 
transportation, and erection brought about 
by the recent advances. His forecast is for 
greater use of precast panels, with an accom- 
panying monetary saving, in the near future. 


Design Problems and Service Per- 
formance of Precast Concrete Wall 
Panels—Victor Leabu, assistant chief 
structural engineer, Giffels and Rossetti, 
Inc., Detroit 

An engineer’s point of view concerning 
precast concrete panels was presented by 
Victor Leabu, who offered some possible cor- 
rective measures to the problems of color 
variation, inefficient U values, and warping 
of precast panels. Since concrete is the basic 
material of precast panels, the inherent prob- 
lems affecting concrete (curing, 
shrinkage, and temperature 
affect panels as well. 


moisture, 
differentials ) 


Nonuniform coloring of natural concrete 
surfaces often results in unattractive walls. 
Special treatment of the outer surface to 
provide colors and textures is one solution, 
but the additional expense is not always 
warranted. Where natural concrete surfaces 
are used, greater control of ingredients is 
suggested. Matching of finished panels to 
minimize variations in a wall is another 
possibility. Uniform curing reduce 
difference between panels. Avoiding the use 
of exposed steel parts (edge angles, connec- 
tors, etc.) will eliminate unsightly rust streaks. 


can 


Mr. Leabu feels that the responsibility for 
determining thermal properties of walls 
should be made definitely fixed, thus avoiding 
confusion which can affect heating costs. He 
pointed out the difference in the heat trans- 
mitting properties of sandwich walls through 
insulated portions and through rib supported 
areas, and that indicated values of U should 
take this difference into account. He also 
suggests that the number of ribs and solid 
concrete stiffeners be kept to a minimum. 

Warping of precast panels causes many 
cracks at ceiling, floor, and partition lines, 
but low slump concrete and use of curing 
compounds, water saturated covering, and 
steam curing will reduce this warping. Type 
of joint filler can also affect panel movement. 
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Role of Formwork in Reinforced Con- 
crete Construction—Harry Elisberg, chief 
structural engineer, Giffels and Rossetti, 
Inc., Detroit 

Mr. Ellsberg, chairman of ACI Committee 
622, Formwork for Concrete, sees a two-fold 
task facing the designer of forms for concrete 
construction. He must provide forms which 
are both economical and able to sustain the 


December 1958 


is made of the loading due to work proceeding 
above. 

There are two opposing viewpoints as to 
where the responsibility for formwork desig: 
should be placed. One group feels that all 
planning belongs in the drafting room, while 
the other argues that the contractor should be 
given only “end result’’ or performance re- 
quirements. 





118 students. 


Following are registration totals: 





DETROIT REGIONAL MEETING 
REGISTRATION RECORDS 


The increasing interest in Institute activities was evidenced at the Detroit 
regional meeting with official registration totaling 559. While the greatest 
contingent emanated from Michigan, 26 other states were represented at the 
meeting. Registrants from 9 countries were in attendance with Canada having 
26 representatives present. Four Michigan universities were represented by 


Kentucky 
Mississippi 
New Mexico 
Tennessee 
Virginia 

West Virginia 
Belgium 


Puerto Rico 
Sweden 








pressures of the flowing concrete. Since 
formwork cost often exceeds the cost of the 
concrete, the competitive position of concrete 
construction can depend on formwork design. 
Maximum reuse of forms will reduce costs, 
but careless and hasty form stripping and 
improper reshoring can have serious conse- 
quences. 

The recommendation has been advanced 
that 6x6 lumber be used for reshoring in- 
stead of using the original 4x 4's. With 
proper curing it has been noted that shoring 
of three stories is usually adequate for con- 
struction progress of one story per week. Also 
shoring should remain in place until a study 


Future work of ACI Committee 622 will 
include determining recommendations for 
the formwork designers and a method for 
economically determining lateral pressures 
on forms. Several methods of measuring 
lateral pressure are being studied. At present 
the cost of a measuring device is prohibitive. 


Building Code Session 


Raymond C. Reese, consulting engineer, 
Toledo, Ohio, chairman of ACI Committee 
318, presided at the Tuesday morning session, 
October 28, devoted to changing design prac- 
tices, the influence of new materials and design 
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yhilosophy, and the relationship of these 
shifting ideas to impending changes in the 
(CI Building Code. 


Use of High Strength Steel in Rein- 
forced Concrete—Georg Wastlund, pro- 
fessor and director of the Swedish Cement 
and Concrete Institute at the Royal Insti- 
tute of Technology, Stockholm, Sweden 
Swedish high strength Kam steel and Aus- 
trian Tor steel were compared by Professor 
Wastlund, along with other types of high 
strength steels developed in Europe. He 
then considered the effect of development of 
high yield point steels on structural require- 
with 
three different realms: adequate safety against 
failure, limitation of crack formation, and 
sufficient rigidity (limitation of deflection). 
The fact that the relation between the ulti- 


ments reference to reinforcement in 


mate Joad and the reinforcement is fairly well 
known makes it possible to increase the per- 
missible stresses in bending approximately 
in proportion to the yield point. However, 
further research is in progress to eliminate 
the greater uncertainties existing when the 
theory of ultimate loads is applied to shear 
failures. Limiting considerations of crack- 
ing and deflection may make it impossible 
to take advantage of the higher allowable 
stresses anyway. 

Professor Wiastlund also discussed formulas 
for crack width and spacing, the bending 
properties of reinforcing steel, and compared 
Swedish, German, American bending 
He believes that American practice 


and 
tests. 
has proved the possibility of using deformed 
bars, thus dispensing with end hooks, insur- 
ing better bond, and reducing the size of 
cracks. European practice has benefited 
from these American developments, and has 
gone on to use higher strength steels which 
enable higher permissible stresses and more 
economical designs. 


Safety; Simple and Composite Bending 
—Hubert Rusch, professor of reinforced 
concrete and bridge building and Director 
of the Laboratory for Testing Building 
Materials and Structures, Institute of Tech- 
nology, Munich, Germany 

According to Professor Riisch, limit design 
is a much more suitable way for attaining 


Raymond C. Reese, left, presided at the 

Building Code Session and Georg Wast- 

lund, Cement and Concrete Institute, 

Stockholm, Sweden, who presented the 
session's opening paper 


uniform safety than is the system of per- 
missible stresses. The load factor must cover 
the uncertainties menacing stability of a 
uncertainties largely due to ig- 
norance or lack of care. The common belief 
that the load factor should allow for a possible 


structure 


overload is not correct; failures occur at load- 
ing conditions which were included in the de- 
sign. 
designer must take into account the conse- 


In choosing the actual load factor, the 
quences of possible failure; he must also 
realize that failures occur with decrease in 
loads; e.g., a highly prestressed beam may 
fail at the lower edge under compression 
when the moment value reaches a minimum. 

Selected load factors must be larger if an 
average concrete strength is assumed than if 
some minimum concrete strength is assumed, 
based on statistical distribution of concrete 
Load factors for live 
and dead loads should be the same only if 


strength test results. 


design values assumed for dead and live load- 
ing have the same probability of occurrence. 
Professor Riisch also discussed his method 
of developing a stress block to be used for the 
study of simple and composite bending. 


What's Coming in ACI Building Code 
Revision?—Raymond C. Reese, consult- 
ing engineer, Toledo, Ohio 

began 


Concrete research programs that 


to accelerate some 10 years ago are now bear- 
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PLAIN 


1:2: 4 Mix 


Durability 
Factor: 100 


WITH AIR-ENTRAINING 
AGENT 
1:2: 4 Mix 


Durability 
Factor: 234 


WITH PLACEWEL 
1:2: 4 Mix 


Durability 
Factor: 360 


Now...from Johns-Manville... 


32 times better freeze-thaw resistance 
with Placewel) the liquid water-reducer 


The above photos show the results of 21 
freeze-thaw cycles in a 5% calcium chloride 
solution. Under standard A.S.T.M. pro- 
cedures, Placewel concrete had 314 times 
greater resistance than plain concrete and 
was 1% times better than straight air- 
entrained concrete. 


Liquid Placewel contains air-entraining 
and dispersing-water reducing agents, plus 
a catalyst to step up hydrolysis and hydra- 
tion of cement. By breakingup cement flocs, 
it releases water for lubrication which would 
not otherwise be available . . . requires less 
water in a mix without relying on air-en- 
trainment alone. 


You get all the advantages of entrained air 
without its adverse effects on strength. 


Less than 3 oz. Placewel/sack portland 
cement will— 

© increase strength 30% or more (after 28 
days’ curing) 

e improve quality at no extra material cost 

¢ increase workability and placeability 

e reduce bleeding and segregation 

¢ give controlled air entrainment 

¢ reduce construction, maintenance costs 


For complete technical assistance and the 
address of our representative nearest you, 
contact Johns-Manville, Box 14, New York 
16, N.Y. In Canada, Port Credit, Ontario, 


i JOHNS-MANVILLE 
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ing fruit that demands further revisions in the 
ACI Building Code. Mr. Reese cited the 
work of private and public agencies in the 
United States, and the growing cooperation 
between ACI and the Comité Europeén du 
Béton. 

Stronger steels and concretes available for 
construction emphasize the potential of ulti- 
mate strength design, which may move from 
the appendix to the main body of the Code 
in the next revision. Other topics being 
studied among pending Code revisions in- 
clude: limitations of deflection and crack 
width for the slenderer flexural members be- 
ing developed; establishment of overload fac- 
tors for use in ultimate strength design; com- 
putation methods for diagonal tension and 
bond; flat slab and flat plate design pro- 
visions; footings; and eccentrically loaded 
columns. 

When the next code revision appears, Mr. 
Reese said, the section on flexure will be 
divided into three parts: (1) all general re- 
quirements; (2) all requirements for working 
stress; and (3) all requirements for ultimate 
strength design. All requirements for speci- 
fied types of structures will be accumulated 
in one place, all material on designs in an- 
other, and on details in another, permitting 
considerably easier reference. 


Status of Ultimate Strength Design— 
George Winter, professor and head, De- 
partment of Structural Engineering, Cor- 
nell University, Ithaca, N. Y. 

Professor Winter reported on some of the 
studies being made by Committee 318’s sub- 
committee on ultimate strength design, of 
which he is chairman. Ultimate strength de- 
sign, he said, permits one to exploit the real 
and proven superior strength obtainable with 
high strength steel, which results in saving 
about 30 percent of the total cost of installed 
steel. Deflections should be checked when p 
exceeds 0.18 f.’/f, to prevent the use of ex- 
cessively shallow members. 

Professor Winter confirmed Committee 
318 agreement with ASTM proposals for a 
numerical designation system for reinforcing 
steels using the guaranteed minimum yield 
point in ksi as part of the bar identification, 
and proposed that bar size and quality 
symbols be rolled into the bar at regular in- 
tervals on the body of the bars. 
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The rectangular stress block as proposed by 
Whitney and others is being checked for 
adaptations to make it possible to include it 
in the next edition of the Code for ultimate 
strength computations. 


Beam and Creep Deflection—George E. 
Large, professor of structural engineering 
and chairman, Civil Engineering Depart- 
ment, Ohio State University, Columbus 
First summarizing some of the generally 
accepted basic principles of creep, Professor 
Large then pointed out that Sections 305(a) 
and 706(b) of the present ACI Building Code 
now recognize creep effects to some extent. 
Section 706(b) permits 2 n to be used in trans- 
forming the area of the compression steel in 
flexural members, but he feels this does not go 
far enough, especially with regard to express- 
ing the actual ratio of the compressive steel 
stress to the corresponding concrete stress. 
Using Shank’s creep method as a yardstick, 
Professor Large compared its values for stress 
in compression steel with those computed by 
other methods. He also presented a proposed 
revision of Section 706(b) covering allowable 
beam stresses and deflections with due rec- 
ognition given to the effects of creep. 


Footings—Paul Rogers, consulting engi- 
neer, Chicago 


Footings do not as a rule play a major 
part in total construction cost, yet they 
support the entire structure, and their present 
low safety factor does not seem justified. Mr. 
Rogers advised that Code provisions be 
changed to require reinforcement in isolated 
footings to be selected for 100 percent of the 
moments. He also suggested that ultimate 
strength design provisions be carried into 
foundation design whenever that method is 
used for the rest of the structure. 


Combined footings, raft and mat founda- 
tions, and similar supporting media will be 
studied by the newly formed ACI Committee 
336, Combined Footings, under the leader- 
ship of Mr. Rogers. He does not expect that 
the results of that committee’s work will be 
available for the next Code revision; hence 
he anticipates that Code provisions on those 
footings will be general, based on good design 
practice, perhaps warning of design by 
perienced engineers only.”’ 


“ex- 
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COMPARE THESE ULTIMATE STRENGTH 
CONCRETE REQUIREMENTS 
ASTM C 76-57 T 
acer: * aaa 


All classes of reinforced 
concrete pipe for greater 


| 
} 
E 


strength and safety factor 
—as well as standard and 
extra strength non-rein- 
forced concrete pipe— 
are available from Ameri- 
can-Marietta Company to 
meet ASTM, AASHO and 
Federal Specifications. 


MINIMUM ULTIMATE STRENGTH 


PIPE DIAMETER—INCHES 


AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES: 
AMERICAN-MARIETTA BUILDING 
101 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEHALL 4-5600 
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Viewpoints on Flat Slabs—A Symposium 

Four participants, M. P. Van Buren, part- 
ner, Di Stasio and Van Buren, New York; 
Alfred Zweig, senior structural engineer, 
Albert Kahn Associated Architects and En- 
gineers, Inc., Detroit; Elihu Geer, professor 
and chairman, Department of Civil Engineer- 
ing, University of Detroit; and Joseph C. 
Watts, Harley, Ellington and Day, Inc., 
Detroit, commented on the past, present, 
and future of flat slab design. 

Mr. Van Buren, filling a program spot 
previously assigned to his partner, the late 
Joseph DiStasio, Sr., presented a compre- 
hensive review of the history of Code pro- 
visions for flat slabs from 1917 to 1956. He 
remarked that specifications for shear rein- 
forcement in flat slabs are being held in 
abeyance until current research is completed. 

A number of revisions and additions to 
Chapter 10 (flat slabs) of the Code were sug- 
gested by Mr. Zweig, including: (1) reloca- 
tion of the critical design section near the 
exterior columns using the elastic method; (2) 
limiting the empirical method to cases where 
the live load does not exceed three times the 
dead load; and (3) requiring alternate panel 
loading for elastic design for live loads ex- 
ceeding three times the dead. 

He also advocated permitting no reduc- 
tion of analytically determined moments; 
relinquishing requirement for minimum mo- 
ment of inertia for columns; increasing posi- 
tive design moment for waffle slabs; and 
formulating shear design for flat slabs with 
shear heads. 

Professor Geer suggested that the bond 
formula [Eq. (6)] of the Code does not apply 
to flat slabs, and proposed the following equa- 
tion for bond in flat slabs, subject to empirical 
verification : 


dMr/dr 


u= Yojd 


Using equations from Timoshenko’s Theory 
of Plates and Shells, he presented a chart of 
(dMr/dr)/Q values which can could be 
readily multiplied by shear Q to obtain 
dMr/dr for use in the bond equation. 

Mr. Watts concluded the 
lighter vein with his whimsical practicing 
engineer’s view of the ACI Code. Sympath- 
izing with the designer who must maintain 


session in a 


“‘a decent regard for the laws of statics and 
the innate perversity of inanimate steel, con- 
crete, timber, and soil conditions, and yet 
give the owner a champagne job for the price 
of beer,’’ he took an optimistic view of im- 
provements and simplifications in flat slab 
design procedures. 


Materials Session 


The Materials Session, one of two con- 
current sessions on Tuesday afternoon, Oc- 
tober 28, heard discussion of heavy media 
separation of aggregates, finishes and colors 
for precast wall panels, efficiency of stationary 
tilting mixers, and lightweight concrete 
made with expanded slag aggregate. Paul F. 
Rice, Concrete Reinforcing Steel Institute, 
Chicago, presided as chairman. 


Heavy Media Separation of Aggregate 
—David A. Killins, secretary-treasurer, 
Killins Gravel Co., Ann Arbor, Mich. 

Mr. Killins described heavy media sepa- 
ration equipment installed in a plant which 
was previously producing ‘‘borderline’’ aggre- 
gate, with respect to Michigan State High- 
way Department specifications. The in- 
stallation made it possible to produce pre- 
mium aggregate at 20 cents per ton additional 
cost. 

Southeastern Michigan gravel deposits are 
glacial in origin and a mixture of sand and 
pebbles. A distribution of about 40 percent 
pebbles and 60 percent sand is considered a 
good deposit. Undesirable and deleterious 
materials vary among deposits but most are 
borderline in meeting highway department 
requirements. aggregate is 
sirable if it is porous and absorbs water 
sufficient to burst the particles on freezing, 
or is a chert or clay material. Objectionable 
particles normally have a lower specific 
gravity than good material, lending them- 
selves easily to heavy media separation. 

The separation system described consisted 
of a revolving drum through which the coarse 
aggregate is channeled. A mixture of 40 per- 
cent ferrosilicon and 60 percent magnetite 
with water is the separating medium having a 
specific gravity of 2.58. The good material 
sinks to the bottom of the drum and is carried 
on lifters to the top and deposited on screens. 
The lighter, undesirable material is floated 


Coarse unde- 
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over the lip of the drum. Undiluted medium 
is recycled through the system. The aggre- 
gate is washed and the diluted medium is 
passed through a magnetic separator where 
the metallic ingredients are removed for re- 
use. The “‘float’’ material is marketed for 
gravel driveways, septic fields and other 
drainage jobs, and also mixed with strippings 
as a road gravel. 


Special Finishes and Colors in Precast 
Concrete Wall Panels—Wilburn H. F. 
Saia, Precast Concrete Products, Royal 
Oak, Mich. 

The development of methods of manufac- 
turing and erecting precast wall panels, and 
methods of applying finishes and colors has 
led to the acceptance of concrete as a wall 
finish material, according to Mr. Saia. Hori- 
zontal casting and factory curing have per- 
mitted treatments on concrete panels hereto- 
fore impractical. Among the varied treat- 
ments now used are pneumatically applied 
concrete to give various colors and textures, 
application of flaked mica for a sparkled 
effect, plastic finishes which give a porcelain 
enamel effect, exposed natural aggregate or 
particles of manufactured products, broom 
textured surfaces, and a finish of ceramic or 
glass mosaic tile which offer many color 
possibilities. 


Efficiency of Stationary Tilting Mixers 
—John Winkworth, Winkworth Fuel and 
Supply Co., Detroit 

Mr. Winkworth reported on a preliminary 
investigation, under the sponsorship of the 
ASTM task group on investigation of large 
mixers, to determine (1) the effect of mixing 
time on strength, cement distribution, slump 
and air content, and (2) to make a comparison 
between a 3- and 6-cu yd mixer. The tests 
were performed at two operating ready-mixed 
concrete installations. 

Materials were representative of those used 
regularly at the plants and came from the 
same sources. Mix proportions were the 
same at both plants. Mixing time began 
after the mixer was fully charged. Samples 
were taken from fron and rear of the mixer 
at 60, 90, 135, and 180 sec. 

Slump tests revealed that at the end of 60 
sec the slump difference in the 3-cu yd mixer 
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was nominal, and no significant differences in 
appearance or workability could be observed. 
For the 6-cu yd mixer significant differences 
were present at both 60 and 90 sec. A re- 
vision of the procedure corrected this in sub- 
sequent trials. Unit weight determinations 
of the 3-cu yd mixer indicated satisfactory 
efficiency at the cycles investigated. An 
apparent tendency toward decrease in unit 
weight as mixing continued beyond 60 sec 
was indicated. Both mixers indicated ex- 
cellent cement distribution. Soniscope tests 
were inconclusive since it was discovered that 
curing was not the same at both plants as 
had been assumed. As mixing time increased, 
and concrete became more workable, strengths 
of concrete from the 6-cu yd mixer became 
more nearly the same as those from the 3-cu 
yd mixer. 


Lightweight Concrete Made with Ex- 
panded Blast Furnace Slag Aggregate 
—D. W. Lewis, chief engineer, National 
Slag Association, Washington, D. C. 

Mr. Lewis reported on tests which provide 
data on both insulating and structural light- 
weight concrete. The tests showed that ex- 
panded slag concretes, in general, had ex- 
cellent durability in the laboratory freezing 
and thawing tests. Structural mixes were 
unaffected by exposure up to 300 cycles of 
freezing in water and thawing in air. They 
also showed 28-day compressive strengths of 
2000 to 4000 psi. Thermal conductivities 
varied directly with unit weight with K 
values from 1.5 to 3.2 for unit weights from 
60 to 103 lb per cu ft. This paper was pub- 
lished in its entirety in the November ACI 
JOURNAL, p. 619. 


ACI Building Session 


William Krell, Portland Cement Associa- 
tion district structural engineer, Detroit, pre- 
sided at the Tuesday afternoon session de- 
voted primarily to reports on the design and 
construction of the ACI headquarters build- 
ing. Mr. Krell provided the commentary 
for a color film showing precasting and erec- 
tion of the ACT building’s unique folded plate 
then introduced architect Minoru 
Yamasaki, of Yamasaki, Leinweber and 
Associates, Birmingham, Mich. Comment- 
ing briefly on his experiences with planning 


roof, 
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Before 


you poe 


---consider concrete reinforced with 


WELDED WIRE FABRIC 


Whenever construction calls for con- 
crete, it usually pays to reinforce it 
with Welded Wire Fabric. Many con- 
tractors make extra sales to owners by 
carrying a few rolls of CFalI Clinton 
Welded Wire Fabric to the construc- 
tion site. A short explanation of how 
Welded Wire Fabric substantially in- 
creases the life and appearance of con- 
crete convinces many builders to choose 
reinforced concrete. 

Concrete reinforced with Clinton 
Welded Wire Fabric has far greater 
strength than an unreinforced slab. It 
has higher resistance to the heaving, 


4 


contraction and expansion caused by 
sudden temperature changes. If a crack 
should develop, the fabric holds it 
tightly in check, preventing moisture or 
earth from entering and expanding it. 

Clinton Welded Wire Fabric is read- 
ily available, in all popular sizes and 
lengths in both the East and West. 
So, before you pour, consider rein- 
forcing concrete with Clinton Welded 
Wire Fabric. The slight additional 
cost of reinforced concrete is more 
than offset by its longer life, more 
attractive appearance and minimum 
maintenance costs. 


CLINTON® 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION 5694 


THE COLORADO FUEL AND IRON CORPORATION—Albuquerque * Amarillo * Billings + Boise * Butte » Denver * El Paso 


Ft. Worth * Houston * Kansas City * Lincoln (Neb.) + Los Angeles * Oakland * Oklahoma City + Phoenix * 
Salt Lake City * Son Francisco * San Leandro * Seattle * Spokane * Wichita + 


Portland * Pueblo 


WICKWIR STEEL DIVISION: 
Atlanta * Boston * Buffalo * Chicago * Detroit + New Orleans * New York * Philadelphia ° Cral OFFICES IN CANADA: 


Montreal * Toronto > CANADIAN REPRESENT 


ATIVES AT: Colgary + Ed Vv WwW 
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MRS. HELEN KENNEDY, wife of the late 
Henry L. Kennedy, was guest of the In- 
stitute at the dedication luncheon. Past 
president Kennedy headed the ACI 
Building Committee, leading in the plan- 
ning and fund raising activity for the 
headquarters building 


ACI headquarters, Mr. Yamasaki reempha- 
sized his enthusiasm for precast concrete as a 
means to richness, silhouette, and form in 
architectural construction. He 
number of pictures of his firm’s work now in 
process, all designed since the ACI headquar- 


showed a 


ters, and all using precast concrete. 

John Strang, vice-president, Pulte-Strang, 
Inc., Ferndale, Mich., recalling some of the 
problems in construction for ACI, suggested 
that designers could cut concreting costs by 
planning for the use of standard size sheets 
of form material and standard sizes of lumber 
for formwork. He urged more designer 
attention to workable and presentable con- 
He suggested 
use of textured finish for concrete work to 
reduce finishing problems. 

C. S. Whitney, partner, Ammann and 
Whitney, New York and Milwaukee, spoke 
briefly of structural design for the Institute 
building; his remarks were published in the 
October JouRNAL, p. 427, in a paper entitled 
“Cantilevered Folded Plate Roofs ACI Head- 
quarters.’’ Papers by Messrs. Yamasaki and 
Strang also appeared in the October JouRNAL. 


nections in precast concrete. 


Paduart reports on Brussels Fair design 


Fortunate 
brought to the regional meeting program 


last-minute arrangements 
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Professor André Paduart, University of 
Brussels, Brussels, Belgium, eminent Euro- 
pean engineer and specialist in concrete. Pro- 
fessor Paduart, structural designer of the ex- 
traordinary Belgian Civil Engineering Pa- 
vilion at the Brussels International and Uni- 
versal Exhibition of 1958, gave an abundantly 
illustrated account of design and construc- 
tion of that noteworthy exhibit. The ‘‘spar,”’ 
as it is sometimes called, is a concrete beam 
which cantilevers 250 ft over a giant map of 
Belgium, with visitors viewing the map from 
a concrete slab footbridge supported 17 ft 
above the ground by steel pipe hangers from 
The giant cantilever intersects a 
triangular shell, 95 ft on a side, near its base, 


the spar. 


and the whole is supported on only three 
footings. 

Construction problems recounted by Pro- 
fessor Paduart included a winter construction 
schedule required because of the exhibitions 
opening deadline. Heated materials, paper 
and wood coverings, were necessary for De- 
cember casting. All formwork was of 6-7 in. 
boards and joints between the boards appear 
in the finished concrete. Narrow strips of 
wood attached to the forms produced a clean 
line on concrete surface where each day’s 
concreting stopped, and also kept fresh con- 
crete from sliding along the sloping forms. 
Decentering in January was carefully planned 
no reversals of stress would occur 
in the beam; jacks were unloaded at varying 
rates in proportion to anticipated deflection. 


so that 


Dedication Ceremonies 


Wednesday, October 29, was devoted to 
the official dedication of the new Institute 
headquarters building. Starting at 9 a.m. 
huses left regional meeting headquarters at 
regular intervals, conveying approximately 
500 persons to the building site at 22400 
West Seven Mile Road for a tour through the 
ultramodern ACI structure. 

Following the tours a dedication luncheon 
was held in the ballroom of the Statler Hilton 
Hotel with Dr. A. Allan Bates, vice-president 
of the Portland Cement Association and chair- 
man of the American Concrete Institute 
Building Committee, serving as toastmaster. 

Dr. Bates introduced notable guests from 
the United States and abroad as well as the 
entire ACI Building Committee, the architect, 





NEWS LETTER 


intricately decorated cake—a replica of the ACI headquarters building—is placed 

before Dr. A. Allan Bates, chairman of the ACI Building Committee. Seated to the 

right of Dr. Bates at the speakers’ table is ACI vice-president Joe W. Kelly, J. Gardner 

Martin, general chairman of the regional meeting, and ACI past president C. S. 
Whitney. Note photo mural of ACI headquarters in background 


the structural engineer, and the contractor, 
all of whom played important roles in the 
construction of the ACI building. 

Dr. Bates briefly discussed the architectural 
aspects of the unique headquarters structure 
which represents the end result of 10 years 
effort on the part of the late Henry L. Ken- 
nedy and the ACI Building Committee and 
then introduced ACI President Douglas Mc- 
Henry, director of development, Portland 
Cement Association. 

President McHenry provided an historical 
summary of ACI From its in- 
ception in 1905 when it was known as the 
National Association of Cement Users, the 


activities. 


aims of the organization were not materially 
different from the present aims of the Ameri- 
can Concrete Institute. President McHenry 
commented on the manner in which ACI has 
kept pace with new developments and in- 
dustrial growth, as well as the international 
scope of Institute activities. His closing re- 
marks stressed that ACI progress during the 
past 50 years hurls a real challenge to present 
and future members. 


Legget presents world view of concrete 


Robert F. Legget, director of building re- 
search, National Research Council of Can- 
ada, Ottawa, was guest speaker at the lunch- 
eon, tying his “Commentary on Concrete at a 


into the theme of the 
Mr. Leggett’s address 
dealt mainly with ‘where have we been with 


Time of Celebration’’ 
official dedication. 
and 
Turning back the 
pages of history some 100 years, Mr. Legget 


this wonderful material called concrete”’ 
“where are we going?” 


briefed his audience on concrete in its earlier 
development and commented on a century of 
remarkable advance in its use, its versatility, 
and possibilities for combining beauty with 
utility. Mr. Legget discussed the wide use 
His “birds- 
eye”’ view of the world touched New Zealand, 
Australia, China, India, Western Europe, 
and Scandinavia where much splendid concrete 


of concrete in other countries. 


work is now in evidence. Concluding his com- 
mentary, Mr. Legget presented to President 
McHenry, in behalf of the Institute, a piece 
of Roman concrete, 2000 years old, as a 
token of good wishes from Canadian engineers 
and research workers, and as a constant 
reminder of our debt to the past, a symbolic 
token of all that has been done down through 
the ages in developing the concrete tech- 
nology of today. 


Ending the dedication ceremony in a 
“blaze of glory’’ all of the lights in the ball- 
room were dimmed and spotlights focused on 
a replica of the Institute headquarters build- 
ing in the form of an intricately decorated 
cake. 


Continued on p. 28 
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LABYRINTH 
WATERSTOPS 


A SOUND INVESTMENT 


FOR CONCRETE CONSTRUCTION! | 
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Special Events 


The 3-day meeting included ‘‘coffee get-to- 
gethers’’ every morning for the ladies, as 
well as an all-day tour of the Henry Ford 
Museum and Greenfield Village with lunch- 


| eon at the village on Tuesday, October 28, 
| followed by an evening social hour for the 


conventioneers. 


The inspection tour of the ACI head- 


| quarters building on Wednesday and the 
| official dedication luncheon highlighted the 


| the 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 

2. Then consider how important safe, secure | 
watertight concrete joints are. 

3. Thorough watertightness can be secured by | 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product | 
insignificant when compared to your total in- 
vestment—and one that insures watertight con- | 
crete joints for years! 

yr 
¢ Corrugated ribs grip concrete, insure 
an everlasting bond between joints. 

© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 

© Takes just seccnds to nail to form... . 
easy to cut and splice on location (pre- 
fabricated fittings available). 

© There's a Water Seal product for every 
type of concrete work! 








It your aim is to stop water seepage, stop 
effectively with Water Seals’ Waterstops! 
“See Us in SWEET’S” 


New Literature and Free Samples Sent on Re- 
quest—Use Coupon Below 


WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 
Made in Canada for 4. €. aaa et 
water SEALS, INC. DEPT. 5 

9 S. Clinton Street 

Chicago 6, Illinois 

Please send free sample and descriptive 

literature. 








Nome 
Company 
Address ss 


a 


| Texas 


special events of the convention. A tour of 
Detroit Civic Center now under con- 
struction was guided by Harry Ellsberg and 
other staff members of Giffels and Rossetti, 
Inc. 


| Local Committee Members 


J. Gardner Martin headed the Detroit 
regional meeting committee with Warner 
Ohman acting as secretary; both are with 
Portland Cement Association, Lansing. John 
W. Winkworth, Winkworth Fuel and Supply 
Co., Detroit, served as treasurer of the com- 


| mittee and was in charge of financial arrange- 
| ments for the meeting. 


Elihu Geer, University of Detroit, headed 


| the technical program committee and Charles 
| Lyon of Master Builders Co. served as chair- 


man of the publicity committee. Other De- 
troit area members serving as chairmen of 
the committees were: Lloyd Cheney, Wayne 
State University, in charge of educational 
contacts; W. G. Irmscher, Peerless Cement 
Corp., head of membership promotion; and 
Richard H. McClurg in charge of the ladies 
program. William A. Maples, American 


| Concrete Institute, supervised registration. 





Speaking of vice-president 
Phil M. Ferguson's “past” 

In giving a resumé of the accomplishments 
of Phil M. Ferguson in the October issue of 
the “News Letter’ in connection with his 


| nomination for 1959 president of ACI, we 
| inadvertently published the fact that 
| fessor Ferguson was a past president of the 


Pro- 


Society of Professional Engineers. 


| While he has been active in this organization 


he has not served in the capacity of president, 












PROTECTS: 


FOUNDATIONS 
SEWAGE PLANTS 


WATER RESERVOIRS 


STEEL 


Sika-Seal forms a tough, flexible and 
durable coating that provides an im- 
mediate vapor barrier when applied to 
structural materials. 


It protects concrete, mortar, steel and 
other metallic and non-metallic sur- 
faces. With Sika-Seal, your structure 
is protected from attacks by water, salt, 
dilute acids, mild alkalies and sea water 
—because Sika-Seal resists them all! 


Moreover, Sika-Seal is a proven time 
and money saver since it can be painted 
directly on either damp or dry surfaces 
without delaying backfill operations. 


In short, Sika-Seal is the ideal protec- 
tion for wherever control of moisture, 
condensation and corrosive vapor is a 
must. For complete information on 
Sika-Seal and other Sika products for 
concrete and masonry, call or write. 


e 6 


SIK A-SEAL 





SIKA CHEMICAL CORPORATION 


PASSAIC 


“OFFICES: ATLANTA © BOSTON: @ CHICAGO © DALLAS © DETROIT © NEW ORLEANS © PHILADELPHIA 


TTSBURGH © SALT LAKE CITY — DBALERS IN PRINCIPAL CITIES 
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Architects: Carson & 
Lundin (Bank por- 
tion only) 

Sydney Goldstone, 
& Kahn & Jacobs 
(rest of building) 

Structural Engineer: 
Charlies Mayer 

General Contractor: 
George A. Fuller Co. 

Concrete Contractor : 
Rizzi Construction 
Corporation 


Distributor: Fireproof 
Products Company 


























NEWS LETTER 


In the new Textile Building... 


Short-span floor slabs reinforced with 
(ss) American Welded Wire Fabric 


HE Textile Building, at 111 West 40th 
T Street in Manhattan, was completed 
early this year. This office building reflects 
progressive design and construction tech- 
niques. As in so many other new buildings, 
a key construction feature is the short- 
span floors and roofs, reinforced with USS 
American Welded Wire Fabric. 

Short-span floors and roofs consist of 
closely spaced beams supporting concrete 
slabs of minimum thickness. Such a design 
makes them light in weight, yet very 
strong. They are extremely economical, 
too, because less concrete, less time, and 
less labor are required to install short-span 
construction. But you couldn’t have these 
savings without welded wire fabric rein- 
forcement. 


American Steel & Wire 
Division of 


USS American Welded Wire Fabric 
makes short-span construction economical 
because the mesh can be draped continu- 
ously over supporting beams and higher 
working stresses are allowed than for mild- 
steel reinforcing bars. This is true in build- 
ings designed in accordance with the New 
York City building code, and also any- 
where the ACI Building Code is used. 

Specify USS American Welded Wire 
Fabric. It’s available in a wide variety of 
styles, sizes, lengths, widths, and finishes 

. . in wire gauges from #7/0 to 16 and in 
longitudinal or transverse wire intervals 
of 2” to 16”. Write for free catalog to 
American Steel & Wire, 614 Superior Ave., 
N.W., Cleveland 13, Ohio. 


USS and American are registered trademarks 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & iron Division, Fairfield, Als., Southern Distributors ¢ United States Steel Export Company, Distributors Abroad 


Remember, buyers will ask, 
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Voided Concrete Slabs 





Middleville Road 
High School, 
Northport, L. |., 
N.Y. 


Ellis Chingos 
. Construction 

Form voids Corp., general 

contractors. 


with low-cost Severud, Elstad, 
& Kruger, 


structural 
engineers. 
Ketcham, Gina & 

















SONOVOID). —= 
FIBRE TUBES 


in concrete roof and floor slabs 
The circular concrete roof slab for the library building of the Middleville High 
School weighs less because it is voided with Sonovoip Fibre Tubes. 








Weight reduction is only one of the many advantages of voided concrete construction. 
Voided roof and floor slabs have smooth undersides to which paint or plaster can be 
applied. 

These and other features add up to the fact that concrete members, voided with low- 
cost Sonovolp Fibre Tubes, save time, money and materials. 


Order in sizes from 2.25” O.D. to 36.9” O.D. Unless other lengths are specified, 
shipments will be made in standard 18’ lengths. End closures available. 
See our catalog in Sweet's 


For complete information and prices, write 


HARTSVILLE, S. C. 
LA PUENTE, CALIF. 
MONTCLAIR, N. J. 
AKRON, INDIANA 
Construction Products 


LONGVIEW, TEXAS 
ATLANTA, GA. 
BRANTFORD, ONT. 
MEXICO, D.F. 


3096-A SONOCO PRODUCTS COMPANY 








NEWS LETTER 





Positions and Projects 





Ultimate Strength Design Hand- 


book to be work of new ACI 
technical committee 


Total number of ACI 
tees in operation now climbs to 54 with the 


technical commit- 


Institute Board of Direction approving the 
formation of Committee 340, Ultimate 
Strength Design Handbook. Edward Cohen 
of Ammann and Whitney, New York, will 
serve as chairman of the committee. 

The initial mission is to develop a hand- 
book containing data and design aids for 
reinforced concrete design by the ultimate 
strength method as authorized in ‘Building 
Code Requirements for Reinforced Concrete 
(ACI 318-56).”’ Emphasis will be on ultimate 
strength design for flexure and/or axial load. 
The handbook will be published separately 
as a special publication of the Institute. 


Change in title of ACI Committee 
623 


The Board of Direction has approved a 
change in title for ACI Committee 623. Pre- 
viously called ‘Specifications and Practice 
for Foamed Concretes,’’ the committee now 
assumes the new title ‘Cellular Concretes.”’ 


Tuthill addresses ACI Southern 
California Chapter 


Lewis H. Tuthill, California State Depart- 
ment of Water Resources, Sacramento, was 
guest speaker at the November 19 meeting 
of the ACI Southern California Chapter at 
the Rodger Young Auditorium, Los Angeles. 
Mr. Tuthill spoke on ‘What Do We Mean 
Concrete Inspection?”’ 

William A. Maples, ACI secretary-treas- 
urer, who was in Los Angeles to wind up 
arrangements for the 55th annual convention 
to be held in Los Angeles, February 23-26, 
was special guest of the evening. 

Chapter president, Ernst Maag, California 
Department of Public Works, Division of 
Architecture, Los Angeles, presided at a brief 
business meeting. Dewain R. Butler, Inte- 
grated Constructors and Engineers, Inc., 
served as program chairman for the meeting. 


Couse and Rogers appointed to 

national construction committee 
Walter L. Rogers 

have been reappointed to the committee on 


Couse and Lester C. 
construction and civic development of the 
Chamber of Commerce of the United States 
for 1958-59. This committee studies major 
problems affecting the construction industry 
and urban development, and presents the 
business viewpoint on legislative 
committees 


national 


issues to congressional and 
government. 

Mr. Couse is president of the firm of Walter 
L. Couse and Co., Detroit, and Mr. Rogers 
is president of Bates and Rogers Construction 
Co., Chicago. Both are ACI 


many years standing. 


members of 


Chisholm retires from Ontario 
Hydro Commission 

T. H. Chisholm, for many years engineer- 
in-charge of the Chemical Research Depart- 
ment, recently retired from Ontario Hydro- 
Electric Power Commission, Toronto, after 
more than 40 years’ service in the Research 
Division. At the time of his retirement he 
was leading a group of more than 30 chemists, 
chemical engineers, and technicians carrying 
on testing, analytic, investigation, and con- 
sulting work in a wide variety of technical 
fields. 

Clyde H. Clark has been named to succeed 
Mr. Chisholm as engineer-in-charge, Chem- 
ical Research Department. He has been Mr. 
Chisholm’s assistant for the past 10 years. 


Expanded Shale Clay and Slate 
Institute elects officers 

The Expanded Shale Clay and Slate In- 
stitute has of the 
following officers for the ensuing year. Pres- 
ident, Allan Taylor, Kentucky Light Aggre- 
gates, Inc., Louisville; Ist vice-president, 
Cedric Willson, Texas Industries, Inc., Ft 
Worth, Tex.; 2nd vice-president, L. A. 
Thorssen, Consolidated Concrete Indus- 
Ltd., Calgary, Alta., Canada; and 
secretary, Lester Kennedy. 


announced the election 


tries, 
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Ruble appointed to ASCE execu- 
tive committee 


Emerson J. Ruble, research structural en- 
gineer, Association of American Railroads, 
Chicago, was appointed to the executive com- 
mittee of the Structural Division, American 
Society of Civil Engineers, at the recent an- 
nual meeting of the society. Mr. Ruble will 
be the contact member with the ASCE Com- 
mittee on Masonry and Reinforced Concrete 
and, consequently with those task committees 
under that administrative committee which 
are joint committees with ACI. 

Mr. Ruble is currently a member of ACI 
Committee 115, Research; Committee 312, 
Plain and Reinforced Concrete Arches; and 
ACI-ASCE Committee 323, Prestressed Re- 
inforced Concrete. 


Oklahoma State University con- 
ducts concrete proportioning 
course 


In the interest of ‘“‘continued education”’ in 
the field of concrete mix proportioning, an 
intensive 3-day program was recently held 
on the Oklahoma State University campus, 
Stillwater. 

The course, sponsored by the School of 
Civil Engineering in cooperation with the 
Engineering and Industrial Extension, pre- 
sented two recognized instructors, George 
Southworth, director of training for The Mas- 
ter Builders Co. of Cleveland, and Truman 
R. Jones, associate professor of civil engi- 
neering at Texas A & M College and also 
associate research engineer with the Texas 
Transportation Institute. 


CAP-AGC Joint Cooperative 
Committee organized 


The formation of a national joint cooper- 
ative committee by the National Sand and 
Gravel Association, National Ready-Mixed 
Concrete Association, and Associated General 
Contractors of America was recently an- 
nounced. It will be known as the Concrete 
and Aggregates Producers—Associated Gener- 
al Contractors Joint Cooperative Committee. 


Leaders of the three organizations said the 
joint committee was especially needed be- 
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cause of important problems arising from the 
vast expansion of highway construction under 
the long range federal aid program and the 
steady increase in the dollar volume of con- 
struction activity in general. 

The 16-man committee is composed of 
eight members representing the producers of 
concrete and aggregates, and eight repre- 
senting the AGC. Robert Mitchell, Con- 
solidated Rock Products Co., Los Angeles, 
and R. W. McKinney, Nacogdoches, Tex., 


are co-chairmen of the new group. 


Barrow-Aggee moves to new 
location 

ACI member E. F. Harder, vice-president 
of Barrow-Agee Laboratories, Inc., an- 
nounces new location of the organization in 
Chattanooga, Tenn. J. R. Mays, Jr., is presi- 
dent of the firm and G. L. Weaver is secretary. 


Ketchum and Konkel advance 
three firm members 


Milo 8. Ketchum and E. Vernon Konkel, 
partners in the firm of Ketchum and Konkel, 
consulting engineers, Denver, recently an- 
nounced the advancement of three firm mem- 
bers, Ole F. Melleby, Eugene N. Catalano, 
and Earl F. Sorensen to the position of project 
engineer. 


Blast resistant civil defense 
center 

The recently dedicated DuPage County 
civic defense center, two miles west of 
Wheaton, IIl., is designed to resist a blast 
overpressure of 30 psi, which is the design 
standard recommended by the Office of Civil 
and Defense Mobilization, according to 
Edward Grey Halstead, principal of Jensen 
and Halstead, architects for the project. 

The floor of the building is approximately 
21% ft thick; the walls are 2 ft thick, and the 
ceiling is 3 ft thick. All are reinforced con- 
crete. The ceiling was cast continuously in 
one day to eliminate construction joints. 
The concrete work was done by Imperial 
Flooring and Waterproofing Co. of Northlake, 
Ill. The structure measures 70 x 100 ft plus 
tunnels and electrical equipment vault. 





NEWS LETTER 





a life well lived, lives on. 


Robert F. Blanks 





Memorial Fund 


The pronounced trend in recent years toward memorial funds is in- 
dicative of a general desire to place the emphasis less heavily on the 
emptiness left by the friend who has gone and more upon the fact that 


Thus, the American Concrete Institute inaugurates a “Memorial 
Fund” for the commemoration of departed members. 
comparable to what might otherwise have gone for flowers, can be 
made in the name of the deceased and an acknowledgment will be 
sent by the Institute to the member's family. 

This month contributions to the fund have been received in memory of 


Contributions, 


Newlin Morgan, Sr. 








STONE RR 
Joseph DiStasio 


Joseph DiStasio, partner in DiStasio and 
Van Buren, New York consultants, lost his 
life on the Jersey Central commuter train 
which plunged through an open drawbridge 
into Newark Bay on Sept. 15, 1958. 

Mr. DiStasio, graduate of Columbia Uni- 
versity, was a recognized authority on rein- 
foreed concrete. He had written numerous 
technical papers dealing with the subject and 
received many awards for his outstanding 
contributions. In 1955 he received the Con- 
crete Reinforcing Steel Institute Award for 
Outstanding Contributions to Reinforced 
Concrete. The award was made in recog- 
nition of his firm’s pioneering and devel- 
opment of the flat plate system. In 1957 
the Brooklyn Institute of Design and Con- 
struction named Mr. DiStasio the ‘Engineer 
of the Year.” 

His work included projects both in the 
United States and throughout the world. 
Some of the more recent projects were: struc- 
tural design of buildings for new capitol of 
Brazil; 4000-ton U. 8. Navy reinforced con- 
crete floating drydock; and United Mine 
Workers’ Hospitals in Kentucky and Ten- 
nessee. 

Mr. DiStasio was active in a number of 
technical societies. He joined the American 
Concrete Institute in 1920, contributing fre- 
quently to the JouRNAL pages and partic- 
ipating in technical committee activities, 
particularly ACI Committee 318, Standard 
Building Code. At the time of his death, 


he was serving as chairman of Subcommittee 
10, Committee 318, and was a member of 
Joint ACI-ASCE Committee 321. 

The American Concrete Institute will make 
a posthumous award to Mr. DiStasio in 
February 1959 of the Henry L. Kennedy 
Award in recognition of outstanding con- 
tributions to the advancement of the objec- 
tives of the Institute. 





ROBERT F. BLANKS 


The Board of Direction of the 
American Concrete Institute regret- 
fully takes note of the death of 
Robert F. Blanks, former Institute 
president and a long-time supporter 
of its activities. Both in his engi- 
neering career and inhis professional 
society activities he made significant 
contributions to the knowledge of 
concrete and to means of making 
that knowledge available to the 
profession. He leaves an impres- 
sive record of outstanding accom- 
plishments in engineering, business, 
and professional and technical so- 
cieties. His enthusiasm was con- 
tagious and his straightforward ap- 
proach to the problem at hand en- 
gendered confidence and support. 
His participation in the affairs of 
the Institute will be greatly missed. 

—October 26, 1958 
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Honor Roll 


January 1—November 30, 1958 


ls your state or country represented in the list of 
new members? If not, why don’t you act promptly 
to recommend a friend for membership in the Ameri- 
can Concrete Institute? Through your efforts, new 
members come into ACI and help to extend the 
scope of technical know-how of the Institute. 


Bias Lamberti 
Joseph J. Waddell 
Phil M. Ferguson 

L. M. Legatski 
James A. McCarthy 
Martin J. Gutzwiller 
Ernst Maag 

H. C. Pfannkuche 
Jerome M. Raphael 


Carl E. Ekberg, Jr 
P. E. Ellen 


Samuel Hobbs 
Carl H. Koontz 
Douglas McHenry 





Lower Cost 


Flexible 
POST TENSION CASING 


(Wide Profile) 


ECONOFLEX 
posi on ccc 


ae 


Universal 
METAL HOSE CO. 


2101 S. Kedzie Ave., Chicago 23, Il. 











December 1958 


Frank E. Legg, Jr 
John B. Porter 


Howard Simpson 
Clarence A. Walkwitz 
Luther E. Bell 

Vincent R. Cartelli 
Aleck S. Evans 
Richard W. Gunn 
Paul A. Hansen 
Robert B. Harris 
Kenneth M. Huber 
Thomas C. Kavanagh 
E. Richard Kummerle 
Daniel S. Ling 
Charles Macklin 
George A. Mansfield 


Byron P. Weintz 
William M. Avery 
Robert B. Banning 
Nicandro Jose Barboza 


Antonio Cajigas 

Miles N. Clair 

W. L. Collier 

W. S. Cottingham 
Richard M. Dillon 
Lancelot A. Fekete 
Enrique Garcia-Reyes 
Thor Germundsson 
Louis A. Gottheil 


Jorge Herrera Ibarra 
H. Alan Johnson 
Joe W. Kelly 


Carl O. Knop 

E. Vernon Konkel 
George Kurio 

James R. Libby 
Ciceron Hiedra Lopez 
William McGuire 
Bryant Mather 

Frank B. May 

Jorge L. Molina M 
Charles F. Moran 





Tatuo Nisigori 

Ramiro Parada 

Neftali Penaloza R 

J. L. Peterson 

Victor M. Rada A 
Abdur Rahman S. Rasul 
Clarence Rawhauser 
Herbert Rusk 

Leo L. Schaut 

George Shervington 
Joseph J. Shideler 
George B. Southworth 
Donald L. Strange-Boston..........ceeeeecees 
Ferruh Taskin 

Sven Thaviow 

Harry E. Thomas 


Oscar J. Vago 
Jose Antonio Vila 
Ivan A. Villamil 

M, R. Vinayaka 
Charles S. Whitney 
Tsu-ming Yang 


New Members 


The Board of Direction approved 56 Individual 
applications, 1 Corporation, 17 Juniors, and 15 
Students making a total of 89 new members. Con- 


sidering losses due to resignations and nonpayment | 


of dues the total membership on Nov. 1, 1958, was 


9652. 
Individual 


Apams, Joun H., Chateauguay, Quebec (Sales Mer., 
Chem. Spec., W. R. Grace & Co. of Canada, Ltd.) 
Apocuatow, Georce, Brooklyn, N. Y. (Struct. De- 
signer, Madigan & Hyland, Cons. Engrs.) 
Baker, A. L. L., London, England (Prof., 
College) 
Baker, Epwarp E., 
Braun & Co.) 
Beoeo, Greorcr, Jr., Bethesda, Md. 
Engr., The Public Bldg. Services) 
Bentz, Cart E., Columbus, Ohio (Cons. 
of Ohio) 
Bicorr, A. W., 


Imperial 


Downey, Calif. (Designer, C. F. 


(Supv. Struct. 


Arch., State 

Milwaukee, Wis. (Chf. 
Industrial Div., The T. L. Smith Co.) 

Bonttia-Gonzaez, C paaen, San Felipe, Venezuela 
(Engr., Supt., D. O. F. A. de Construcciones) 

BuNsUWAN, CHALERM, Seasick, Thailand (Proj. 
Engr., People Irrigation Dept., Royal Irrigation 
Dept.) 

Burman, Davin C., Windsor, Ont., 
Engr., Giffels & Vallet of Canada) 

Carr, Brian Parricx, Auckland, New Zealand (Mer., 
Vibrapac Block Factory, Winstone, Ltd.) 

Carter, Gitpert, Jr., Burlington, N. J. (Staff Asst. 
to Plant Engr., New York Shipbuilding Corp.) 

Carrer, Howarp G., Monterey, Calif. (Cons. Civil & 
Struct. Engrg.) 

Connor, Epmunp A., Melbourne, 
B. Heath Engrg. & Surveying) 

Dooten, Dewey C., Springfield, Ill. 
Evans & Lawrence Constr. Co.) 

Evxinp, Lawrence L., Bronx, N. Y. (Sr. 
Struct., Bechtel Assocs.) 

Esswein, Joun C., St. Louis, Mo. 
Bridges & Bldgs. Section, 


Design Engr., 


Canada (Design 


Fla. (Chf. Engr., W. 
(Gen. Supt., 


Engr., 


(Engr. in Chge., 
Board of Public Service) 


LETTER 


When you order ready- 
mix concrete, specify — 





- mY 
| SPECIAL | 
| WINTERIZED | 


Incl ng SOLVAY 
eet mm Chloride 





| —and save these 5 ways... 


1. Quicker setting—less overtime fin- 
ishing. 

2. High early strength 
removal. 

3. Savings in protection time—as 
much as 50%. 

4. Less delay between operations. 

5. Added safety—extra cold weather 
protection. 

With a “Special Winterized’”’ mix con- 

taining 2% of SOLVAY Calcium Chlo- 

ride, heated water and aggregate, you 

keep close to warm weather schedules at 

any temperature—get concrete with 8 to 

12% greater ultimate strength . . . more 

workability. This permits lower water- 

cement ratio, resulting in denser and 

more moisture- and wear-resistant con- 

crete. 

Get the full story at no obligation 

write for literature. 


faster form 





SOLVAY Calcium Chloride speeds but does 
not change the normal chemical action of 
portiand cement. Impartial tests by the Na- 
tional Bureau of Standards proved its advantages 
in cold weather concreting. This use of calcium 
chloride is recommended or approved by leading 
authorities, including American Concrete Insti- 
tute and Portland Cement Association. 











SOLVAY PROCESS 
DIVISION 


61 Broadway 
New York 6, N. Y. 


llied 
hemical 


| SOLVAY dealers and branch offices ore located in major 


centers from coast to coast. 
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Phoenix, Ariz. (Struct. Engr., Lescher & 


Miss. (Prof. of Civil 


Fvarrrt, L. C., 
Mahoney) 
Furr, Howarp L., University, 

Engrg., Univ. of Miss.) 
Gorse, Roperr V., . Ohio (Gen. Contr.) 
Gupta, J. P., Nangal (Punjab), India (Exec. Engr., 


Nangal Fertilizers) 
Gurnee, Joun T., Chicago, Ill. (Field Engr., PCA) 
Hoe scuer, F. W., Houston, Texas (Supv. of Concrete 
Inspection Dept., Southwestern Labs.) 
Hoscoop, Freperick Joun, Johannesburg, 
Africa (Gen. Mear., Stuart B. Dickens Ltd.) 
Iman, Monammep Sueet Au, Baghdad, Iraq (C. E.) 
Kioz, Mitton J., Whittier, Calif. (Sales Mgr., Standard 
Ready Mix Concrete) 
Larsen, Hans P., Montgomery, Ala. 
Sherlock, Smith & Adams) 

Lee, Roy Leamington, Ont., 
Design Engr., H. J. Heinz Co.) 
Limpapa, Ismaet Anmap, Karachi, 
E., Haydari Constr. Co., Ltd.) 
LinpBert, Joun C., Jackson, Mich. (Sec., 
Mer., Sager Concrete Products Co.) 
Lone, Samvuet B., Jr., Philadelphia, Pa. 

Cons. Struct. Engr., Kneas & Long) 
Many, Frank G., Whakatane, New Zealand (Bldg. 
Contr.) 


South 


(Struct. Engr., 


Canada (Struct. 
Pakistan (Sr. C. 
Treas., Gen. 


(Partner & 





LOOKING AHEAD 


Jan. 12-15, 1959—39th Annual 
National Concrete Masonry As- 
sociation Convention and 11th 
Concrete Industries Exposition, 
Cleveland Public Auditorium, 
Cleveland, Ohio 


Jan. 25-29, 1959—Associated 
Equipment Distributors, 40th An- 
nual Meeting, Conrad Hilton 
Hotel, Chicago, Ill 


Jan. 27-30, 1959—National 
Crushed Stone Association, 42nd 
Annual Convention, Bal Harbour 
free Hotel Group, Miami Beach, 

a. 


Feb. 2-6, 1959—American Society 
for Testing Materials, Committee 
Week, William Penn Hotel, 
Pittsburgh 


Feb. 15-19, 1959—National Sand 
and Gravel Association, 43rd 
Annual Convention, Hotel Roose- 
velt, New Orleans, La 


Feb. 23-26, 1959—American Con- 
crete Institute, 55th Annual Con- 
vention, Statler Hilton Hotel, Los 
Angeles, Calif. 
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Maier, Leonnarpt Friepricn, Baltimore, Md. (Gen. 
Engr., Civil, J. George Stewart, Arch. of the Capitol) 
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C. Olsen) 
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Work, Sargent & Lundy) 
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Zemsxy, Catvin, Bayside, N. Y. (Proj. 
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(Struct. Engr., 
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Coton, Jose A. Jumenez, Ponce, Puerto Rico (Engr., 
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State, India (C. E. & Grad. Stud., Lehigh Univ.) 
Gentry, Steven CavVEeRHILL, Wellington, New Zealand 
(C. E., W. G. Morrison, Cons. En 
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Clark R. Ackley, Arch.) 
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Electric Power Co., Inc.) 
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(C. E., Inspector, de la Seccion De mecania De 
Suelos De Secretaria De Estado De 
Obras Publicas) 

Kopayasui, Masaki, Naganoken, Japan (The Kansai 
Electric Power Co., Inc.) 

Konner, Roserrt L., Boltimore, Md. (Instructor, The 
John Hopkins Univ. ) 

Linrante, Artuur A., Jn., Newark, N. J. (Hwy 
Engr., Howard, Needles, Tamman & Be rendoff ) 

MaTerry, SrepuHen ALEXANDER, Sydney, NS Aus- 
tralia (Engr., Class 3, Dept. of Main Roads, NSW) 

Perry, Ervin ’s., Baton Rouge, La. (Instructor, Civil 
Engrg., Southern Univ. ) 
PrawEL, Suerwoop P., Jr., Buffalo, N. Y. 
of Civil Engrg., Univ. of Buffalo) 
Reep, Barry Eric, Downsview, Ont., 
Engr., M. 8. Yolles & Assocs.) 

TaauiaBue, CHARes J., Cresskil, N. J. (Design Engr., 
Struct., Praeger-Kavanagh) 

Tevaratin, SupHot, Bangkok, Thailand (Jr. 
Tech. Div., Royal Hwy, Dept.) 
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Turrent Vazquez, Ernesto, Mexico, D. F., 
(C. E., Alen, 5 

WILLSON, | 
Engr., PCA 


Mexico 


) 
Hagerstown, Md. (Resident Field 


Student 


Corey, Wittiam Gene, Champaign, Ill. (Univ. of Ill.) 

Fasarpo, ALVARO Sitva, Bogota, Colombia (Univ. 
Nacional Bogota) 

Groner, Ricnarp §8., Jefferson City, Mo. (Missouri 
School of Mines & Metallurgy) 

Grovunt, Himayart N., Lafayette, Ind. (School of Civil 
Engrg., Purdue Univ.) 

Karam D., Santiago A., Caracas, Venezuela (Univ. 
Central De Venezuela) 

Kayyau, Kasim, Austin, Texas (Univ. of Texas) 

Kraemer, Pavut E., Lafayette, Ind. (Purdue Univ.) 

Lu, Le-Wv, Bethlehem, Pa. (Fritz Lab., Lehigh Univ.) 

aipoume. Frank J., III, New Haven, Conn. (Yale 

niv.) 

Martin, Cuaries W., Ames, Iowa (Iowa State College) 

NaKamuRA, Tsuneyosni, Stanford, Calif. (Stanford 
Univ.) 

Rapes, Artuur James, Berkeley, Calif. (Univ. of 
Calif.) 

Suara, Satya Sacar, Champaign, Ill. (Univ. of IIL.) 

Tan, Faser, Stockton, Calif. (College of the Pacific, 
School of Engrg.) 

ZIMMERMAN, Rocer M., Boulder, 
Colorado) 


Colo. (Univ. of 


Los Angeles '59 Meeting 
Continued from p. 11 

A get-acquainted bruncheon will be held at 
the Statler Hilton on Tuesday morning, sec- 
Mrs. Charles 
Pankow will be chief hostess for the bruncheon 
with Mrs. Taylor Test and Mrs. Ray Cooley 
assisting. Hostesses for the fashion luncheon 
will be Mrs. Marvin Kudroff, Mrs. Test, and 
Mrs. Cooley. 


ond day of the convention. 


Burgess named assistant director 
of engineering 


Woodrow L. Burgess has been appointed 
assistant director of engineering for The Mas- 
ter Builders Co., Cleveland. Mr. Burgess is 
well known for his work in the concrete field 
and the design and construction of large dams. 
He returned this August from Venezuela 
where, since October 1956, he was in charge 
of the design of two major dams for R. J. 
Tipton Associate Engineers, Inc. 


Wetzel named treasurer of San 
Antonio Portland Cement 

The directors of San Antonio Portland Ce- 
ment Co., San Antonio, Tex., have announced 
the election of Arthur J. Wetzel as treasurer 
of their organization. 
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Hews elected president of 
Yakima Cement Products 

Richard J. Hews was recently elected pres- 
ident of the Yakima Cement Products Co., 
Yakima, Wash. Former president of the 
company, J. R. Sherman, retired June 1, 1958. 


CONCRETE 
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iF IT'S A CONCRETE TESTER 
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FORNEY'’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, PA. 
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Cleveland Engineering Society 
holds construction conference 


Nine outstanding authorities in the field of 
construction appeared on the program of the 
7th Annual Construction Conference spon- 
sored by the Cleveland Engineering Society, 
November 12. Theme of this year’s confer- 
ence, which was sponsored by the construc- 
tion division of the society, was ‘“‘Construc- 
tion Countdown.”’ 

Featured among the speakers were R. 
Buckminster Fuller, developer of the Geo- 
desic Dome; Joseph Barnett, deputy assist- 
ant commissioner for engineering, Bureau of 
Public Roads; Truman R. Jones, Jr., Texas 
Agricultural & Mechanical College; O. H. 
Ammann and B. G. Anderson, Ammann «& 
Whitney, New York; J. N. Mustard, Hydro- 
Electric Power Commission of Ontario; and 
D. C. Romick, Goodyear Aircraft Corp. 


Highlight event of the program was an ad- 
dress by Keen Johnson, vice-president of 
Reynolds Metal Co. and former governor 
of Kentucky. 


Barnes and McNerney promoted 
by PCA 


The appointment of Hugh D. Barnes to the 
position of supervisor of field promotion for 
the Portland Cement 
cently announced by G. Donald Kennedy, 
PCA president. In this senior management 
position, Mr. Barnes will direct and have com- 
plete authority and responsibility for all op- 
erations of the association’s 32 district and 
6 regional offices. 


Association was re- 


John M. MeNerney, district engineer for 
PCA Los Angeles office, will succeed Barnes 
as western regional manager. 


























155 Reasons Why... 


What is the purpose of air entrain- 
ment in concrete? 









| 


Al 
| How can durable aggregates be assured? 
| 


How do the requirements of placing affect the 
proportions of aggregates and cements? 


.... The ACI CONCRETE PRIMER should be your guide 
to better concrete. The PRIMER develops in simple terms the 
principles governing concrete mixtures and presents a handy ref- 
erence text for those who apply these principles to the production 
of permanent structures in concrete. Expanded to 72 pages— 
155 answers—the new pocket-size edition of the CONCRETE 
PRIMER brings developments of the past three decades into 
the question-and-answer format of this long-popular handbook. 


$0.50 TO ACI MEMBERS NONMEMBERS $1.00 


American Concrete Institute, P.O. Box 4754, Redford Station, Detroit 19, Michigan 


Please send_____ copies of the 1958 edition of the ACI Concrete Primer. 
($0.50 for ACI members, $1.00 for nonmembers) 


Check (or money order) enclosed for ___. amount 

















The 55™ Annual 
ACI 


Convention 


e Standards and Bylaws 
© Construction 
© Properties of Concrete 
Fi, © Design and Analysis 
© Concreting Materials 
© Design Research 
© Products and Precast Elements 
© Research Session 


Plan now to attend these “fact-filled” 
sessions. Assure yourself of the latest and most 
up-to-date information available in concrete and con- 
crete construction. Make your reservations early. 


FEB. 23-26, 1959 
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